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ABSTRACT 
Treatment of naturally and experimentally infected turkey eggs 
with 1 mg of tylosin or gentamicin prior to incubation resulted in 
reduction of M. meleaqridis infection in the progeny. Higher doses of 
gentamicin resulted in elimination of infection as indicated by 
absence of meleagridis antibodies in poults hatched from treated 
eggs when tested at 3 weeks and retested at 5 weeks of age. The rate 
of reduction or elimination of egg transmission depends on the inci­
dence of M. meleagridis infection in untreated controls. Hatchability 
was reduced by gentamicin inoculation especially at higher doses 
while tylosin at the rate of 1 mg/egg resulted in improvement of 
hatchability. 
Comparative studies of seven isolates of M. meleagridis indicated 
that they were indistinguishable morphologically. Two isolates, 8M92 
and Eg, were capable of haemagglutinating red blood cells while the 
others were not. The isolates varied in their pathogenicity and rate 
of propagation in turkey embryos. Isolate 1940 which was isolated 
during this study was highly pathogenic to turkey embryos but not chicken 
embryos. Three isolates, RYg, N and 529, were heat resistant while 
other isolates, 1940, 8M92, 1466 and Eg, were heat sensitive. All 
isolates were inhibited by the same concentration of tylosin (.001 ug/ 
ml) and gentamicin (0.1 ug/ml). 
Minor differences among isolates were detected by metabolic in­
hibition, growth inhibition and growth precipitation tests. According 
vi 
to these procedures, isolates were divided into antiserum sensitive 
isolate 1466, less sensitive, isolates N, 8M92, 529, RY^ and Eg and 
insensitive isolate, 1940. 
Polyacrylamide gel electrophoresis of cell proteins revealed that 
all isolates of M. meleagridis had virtually identical patterns and 
that they were dissimilar to M. gallisepticum and M. synoviae. 
When the nonhaemagglutinating isolate N, and the haemagglutinating 
isolate Eg, were subjected to further studies by immunoelectrophoresis, 
no differences were detected by simple immunoelectrophoresis. However, 
in two-dimensional immunoelectrophoresis the two isolates presented 
two different antigenic profiles. At least 10 common antigenic com­
ponents were identified. One antigenic fraction appeared to be higher 
in concentration in isolate Eg than in N. 
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INTRODUCTION 
Since the first report by Adler et al. (1958) information has 
accumulated to incriminate M. meleagridis as being the major cause of 
an egg-transmitted disease of turkeys. The organism is a specific 
pathogen of turkeys and the primary lesion produced is an airsacculitis 
in the progeny. This lesion persists from hatching to several weeks of 
age. The infection has been reported in almost all commercial flocks, 
and is responsible for a significant economic loss to the turkey indus­
try. Statistical reports indicate that during fiscal year 1975 approxi­
mately 15 million fryer-roaster turkeys and 105 million young turkeys 
were produced in the United States. Of these totals, 131,865 fryer-
roaster and 1.8 million young turkeys were condemned from all causes. 
Respiratory infections were responsible for 65% and 84% of the condem­
nations respectively for the fryer-roaster and young turkey categories 
(Statistical Reporting Service, USDA, 1975). Though not all the 
respiratory infections are due to meleagridis it is considered 
to be one of the causes of airsacculitis and apparently is involved in 
condemnations of turkeys. 
With the reduction in the prevalence of M. gallisepticum infection 
in the turkey population in recent years more attention is now being 
focused on M. meleagridis. Since virtually all flocks are infected it 
is not possible to practice a program of test and slaughter, a proce­
dure which has been so effective in the control of M. gallisepticum in 
turkey breeder flocks. However, in recent years various aspects on the 
2 
transmission cycle of M. meleaqridis in turkeys have been clarified 
and such information will serve as a sound foundation for developing 
approaches for control and eradication. Methods to produce M. 
meleaqrids-free stock have included treating of hatching eggs with 
antibiotics and monitoring flocks using serological and cultural pro­
cedures. The cultural and serological tests were found to be of 
greatest use in programs where infection had been reduced intitially 
to a minimal level. Dipping of eggs in antibiotics, at a great cost 
to the turkey industry, was found efficient in reducing infection but 
not to completely eliminate it from freshly hatched poults. This then 
allows the perpetuation of the disease and even encourages the devel­
opment of organisms resistant to those antibiotics or other agents which 
are now effective. Since turkey eggs vary in their ability to absorb a 
uniform and effective amount of antibiotic solution, an alternative pro­
cedure of direct injection of antibiotic into the eggs was developed. 
Recently heterogeneity among M. meleagridis strains has been 
noticed. The isolation of a haemagglutinating strain which allows the 
application of the hemagglutination inhibition test in eradication 
programs has been reported. A tylosin sensitive strain was isolated 
which would suggest the réévaluation of the tylosin dipping procedure. 
Also a non-pathogenic strain has been reported. 
The purpose of the first part of this thesis was to test the 
possibility of eliminating egg transmission of meleagridis infection 
by injecting various doses of tylosin and gentamicin into the small end 
of naturally and experimentally infected turkey eggs. Secondly, the 
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heterogen.ity of M. meleagridis strains was studied by comparing seven 
isolates, morphologically, biologically, serologically and electrophor-
etically. A nonhaemagglutinating and a haemagglutinating strain were 
subjected to further comparative studies by immunoelectrophoresis. 
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. LITERATURE REVIEW 
History 
Adler et al. (1957) reported the isolation of a serologically 
different mycoplasma from turkey air sacs. In a later study (Adler 
et al. 1958) examined culled one-day-old turkey poults from 10 
breeding flocks. They recovered nine mycoplasma isolates, eight of 
which were related to each other and were designated as the N strain. 
The ninth isolate was M. gallisepticum. Kumar et al. (1963) reported 
airsacculitis in 24% of 1197 day-old turkey poults from five different 
hatcheries. These poults were the progeny of M. gal1isepticum-free 
breeders. They used the term "day-old type" airsacculitis to refer 
to the clinical syndrome observed. Mycoplasmas were isolated from 
most of the cases. Bigland et al. (1964) found gross lesions of 
airsacculitis in 43% of 1,145 culled turkey poults from 18 different 
strains of turkeys free of M. gallisepticum. Mycoplasmas identified as 
N strain were isolated from 50% of poults with airsacculitis. 
Nomenclature 
Adler et al. (1958) observed the unique antigenic and bio­
chemical nature of their isolates, and called it the N strain. Yamamoto 
and Adler (1958 a, b) studied the relationship between seven mycoplasmas 
of avian origin. They separated them into five groups, I through V, 
5 
according to morphological, physiological and antigenic characteris­
tics; N strain was placed in group V. Kleckner (1960), in his conse­
cutive alphabetical designation of serotypes of avian mycoplasmas, 
placed the N strain in the H serotype. Further studies on characteri­
zation of avian mycoplasmas increased the number of reported serotypes 
to 12 (Yoder and Hofstad, 1964) and later to 19 (Dierks et al., 1967). 
Both studies continued the alphabetical system of designating serotypes 
and placed N strain in serotype H. The species designation of Myco­
plasma meleaqridis was proposed by Yamamoto et al. (1965a) based on its 
pathogenic specificity for turkeys. 
Characteristics 
M. meleaqridis was found to be indistinguishable morphologically 
from M. gallisepticum (Yamamoto and Adler, 1958b; Yamamoto et al., 
1965a; Yoder and Hofstad, 1964). Examination of Giemsa stained broth 
culture sediment revealed coccoid bodies approximately 0.4 y in diameter. 
On agar M. meleaqridis forms small flat colonies with rough appearing 
centers or ill-defined nipples. 
M. meleaqridis can be readily recovered in agar medium but does 
not adapt easily to grow in broth medium (Yamamoto and Adler, 1958b; 
Yoder and Hofstad, 1964; Yamamoto et al., 1965a). It was reported 
that commercial mycoplasmal medium did not support detectable growth 
of M. meleaqridis while fresh meat digest medium (VF) and avian meat 
infusion did, though in the later case it grew on agar only (Frey 
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et al., 1968). The addition of 10-20% of serum to the basal medium is 
required. Horse serum (Adler et al., 1958) or swine serum (Mohamed 
and Bohl, 1967) were commonly used. Chicken (Adler and Berg, 1960) 
and turkey sera (Yoder and Hofstad, 1964) generally are unsatisfactory. 
A heat labile factor which inhibited the growth of M. meleaqridis in 
broth and agar medium was detected in freshly obtained sera from non 
infected turkeys, swine and guinea pigs (Mohamed et al., 1970). 
Studies on growth and survival in broth medium at various pH values 
indicated that M. meleaqridis would not grow at initial pH values of 
6.4 or 9.3, but would grow at pH values of 7.0 to 8.7. Cultures 
initiated at the higher pH values remained viable at 37°C for longer 
periods, 25-30 days, than those at lower pH values, 5 days (DaMassa and 
Adler, 1969). Cultures remained viable for at least 6 days at room 
temperature, and for at least 2 months when colonies were minced in 
3% sucrose and frozen (Yamamoto et al., 1965a). 
M. meleaqridis was found to survive in an artificially created 
aerosol, though the rate of recovery dropped to 0.1% of the original 
recovery 6 hours after the aerosol was created (Beard and Anderson, 1967). 
M. meleaqridis lacks the ability to ferment carbohydrates and 
reduce tetrazolium (Yamamoto and Adler, 1958b; Yoder and Hofstad, 
1964; Yamamoto et al., 1965a). It metabolizes arginine with release 
of ammonia as the end product (Ogra, 1972). 
Yoder and Hofstad (1964) reported that the organism hemolyses 
horse erythrocytes. Most isolates do not hemagglutinate chicken (Yamamoto 
and Adler, 1958b) or turkey erythrocytes (Yoder and Hofstad, 1964). 
7 
Yamamoto et al. (1965a) studied many isolates and found only one 
which possessed hemagglutinating activity. Recently additional 
haemagglutinating strains have been reported in the U.S.A. (Rhoades, 
1969b) and in Britain (Thornton et al.. 1975). 
The sensitivity of M. meleagridis to certain antibiotics has 
been determined in vitro (Ogra, 1972) and in ovo (Yamamoto et al., 1966a). 
It was found to be sensitive to Chloromycetin, novobiocin, oxytetracy-
cline, tetracycline, tylosin, neomycin and resistant to erythromycin, 
oleandomycin, streptomycin and penicillin. These workers also observed 
that oleandomycin and erythromycin selectively inhibited strains of M. 
gallisepticum but not M. meleaqridis strains indicating another biolog­
ical difference between these two species. 
Identification 
M. meleagridis has unique biochemical properties unlike other 
species which have been reported to infect turkeys. It lacks the 
ability to ferment carbohydrates or to reduce tetrazolium. These 
characteristics might be helpful in identification; however, definitive 
identification can be made only after serological studies (Yamamoto 
et al., 1965a; Ogra, 1972). 
Studies by several investigators have shown M. meleagridis to be 
a distinct serotype unrelated to other avian mycoplasmas. The agglutina­
tion (Kleckner, 1960; Kelton and Van Roekel, 1963; Yoder and Hofstad, 
1964 and Dierks et al., 1967) antiglobulin (Adler and DaMassa, 1964), 
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fluorescent antibody (Corstvet and Sadler, 1964 and Rhoades, 1969b), 
growth inhibition (Kelton and Van Roekel, 1963; Dierks et al., 1967 and 
Ogra and Bohl, 1970), complement fixation (Frey and Hanson, 1969) and 
metabolic inhibition (Ogra, 1972) tests have been used to identify M. 
meleagridis and to differentiate it from other avian mycoplasmas. Poly-
acrylamide gel electrohporesis has been used for the same purpose (Razin 
and Rottem, 1967; Razin, 1968; Rhoades et al., 1973). 
Isolates of M. meleagridis recovered from the sinus, trachea, 
lungs, air sacs, bursa of Fabricius, vagina and semen were found to be 
antigenically related (Yamamoto et al., 1965b). 
Distribution 
M. meleagridis is widely distributed among turkey flocks in the 
United States (Adler et al., 1958; Kumar et al., 1963; Yoder and Hofstad, 
1966; Dierks et al., 1967), Canada (Bigland and Benson, 1968) and 
Britain (Roberts, 1963). Adler et al. (1958) isolated the organism 
from air sac lesions of poults from 8 of 10 breeding flocks and Kumar 
et al. (1963) observed airsacculitis associated with M. meleagridis 
in 24% of 1,197 culled poults. Bigland et al. (1964) reported an in­
cidence of 43% air sac lesions in 1,145 poults from 18 strains of 
turkeys. In another study Bigland and Benson (1968) found a mean lesion 
rate of 65% among 1,932 culled poults; M. meleagridis was recovered from 
a high percentage of these lesions. Yoder and Hofstad (1966) observed 
airsacculitis in approximately 50% of the pipped embryos from 118 
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supply flocks from five different states. They also reported 
similar lesions in 20% of poults examined from 1 day to 13 weeks of 
age from 62 flocks; M. meleagridis was isolated from the majority of 
lesions. 
This organism has been isolated from a variety of anatomic sites 
in turkeys, primarily from the respiratory and reproductive tracts. 
Isolations have been made from the following tissues: infraorbital 
sinus, trachea, lung, air sacs, infundibulum, magnum, isthmus, uterus, 
vagina, cloaca and semen (Yamamoto et al., 1965b; Yamamoto, 1967; Bigland 
and Benson, 1968; Kumar and Pomeroy, 1969). It has also been recovered 
from yolk and albumen of eggs found in the uterus of infected hens 
(Mohamed and Bohl, 1967), and from the yolk sac of naturally and 
experimentally infected embryos (Rhoades, 1969a; Mohamed and Bohl, 
1969). Reis et al. (1970) recovered the organism from the hock joint, 
lung, air sac and bursa of Fabricius of poults experimentally infected 
by intravenous inoculation. 
The localization and distribution of meleagridis in tissue 
of naturally and experimentally infected embryos has been studied 
using light and fluorescent microscopy and isolation techniques (Reis 
and Yamamoto, 1971; Rhoades 1971a; Bigland, 1972). In embryos at 18-
days of incubation and older, organisms were found attached extra-
cellularly to the yolk sac membrane, trachea, small bronchi, alveoli 
and air sacs. They were also found in the contents of the lumen and 
along the villi of the lower intestine and in the parynchyma of the 
bursa of Fabricus. Daily examination through the incubation period 
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showed that M. meleagridis localized primarily in the respiratory 
tissue of the developing embryo which led to the suggestion that these 
tissue are suited to provide biochemical nutrients needed by 
meleagridis (Bigland, 1972). 
Transmission 
M. meleagridis is commonly transmitted from mature turkeys to 
progeny through infected eggs. Studies by various workers indicated 
that the primary mechanism by which infection of the reproductive tract 
of the female occurs is through insemination with mycoplasma - contami­
nated semen (Yamamoto et al., 1966b; Mohamed and Bohl, 1967; Kumar and 
Pomeroy, 1969). 
The pattern of egg transmission in naturally and experimentally 
infected turkey flocks has been investigated (Yamamoto et al., 1966b; 
Mohamed and Bohl, 1967; Bigland and Benson, 1968; Kumar and Pomeroy, 
1969). The organism was not readily transmitted in the early part of 
the laying cycle, but rapidly reaches a high level of transmission. 
After a peak level was attained it decreased slowly and was at a low 
incidence at the end of the laying cycle. The egg transmission rate 
among individual hens is variable (Yamamoto et al., 1966b). However, 
there is apparently no regular pattern as to the sequence of infected 
eggs laid (Mohamed and Bohl, 1967). 
Although the manner in which eggs and embryos become infected 
has not been determined, there have been some suggestions. The 
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localization of infection in the uterus was described as perhaps 
affording a good chance for infection of eggs, since each egg remains 
longer in the uterus than in other parts of the oviduct after ovula­
tion (Mohamed and Bohl, 1967). It was suggested that semen could 
perhaps act as a vehicle for carrying M. meleagridis to the upper 
part of the oviduct resulting in infection of the yolk before albumen 
and shell membranes were formed. As spermatozoa fertilize the ovum, 
the organism might enter the yolk sac thereby establishing infection 
(Kumar and Pomeroy, 1969). It was suggested that snbryos become 
infected after 16 days of age following the ingestion of M. melea­
gridis contaminated amniotic fluid (Rhoades, 1971a). 
Reporductive tract infection in hens results readily from in­
semination with M. meleagridis contaminated semen (Yamamoto, 1967; 
Mohamed and Bohl, 1967; Kumar and Pomeroy, 1969). Once reproductive 
tract infection is established involving either the oviduct in the 
hen or the phallus of the tom, the infection persists for long periods. 
Infection of the phallus did not result in infection of either the 
vas deferens or testicles (Yamamoto, 1967; Rhoades, 1969a). 
Recent studies have indicated that in female turkeys exposed via 
the cloaca and bursa of Fabricius, development of infection of the 
oviduct is correlated with the time of perforation of the cloacal-
vaginal occluding membrane. They also found that infection ascends 
the reproductive tract of both inseminated and uninseminated hens, in­
dicating that spermatozoa were not responsible for spread of infection 
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(Hatzer and Yamamoto, 1970). Infection in the reproductive tract of 
unmated turkeys of both sexes has also been reported (Yamamoto and 
Bigland, 1964a; Mohamed et al., 1965; Bigland and Benson, 1968). Reis 
et al. (1970) indicated that meleagridis may infect the oviduct of 
virgin hens by way of descending infection early in life. 
Nonvenereal contact between turkeys may also result in transmission 
of M. meleagridis. Kumar and Pomeroy (1969) found that when noninfected 
poults were hatched and held with infected poults in the incubator for 
24 hours, M. meleagridis could be isolated from the trachea and yolk 
sac even though there were no lesions of airsacculitis. However, 
Yamamoto and Ortmayer (1967) were unable to demonstrate hatcher trans­
mission when the hatcher contacts were separated immediately from the 
infected poults after hatching, whereas transmission occurred through 
continuous pen contact. Lateral transmission resulted primarily in 
respiratory tract infection (Mohamed and Bohl, 1967; Kumar and Pomeroy, 
1969) but also genital tract infection was reported (Yamamoto and 
Ortmayer, 1967). Beard and Anderson (1967) showed that M. meleagridis 
can survive in air for at least 6 hours, which strengthens the idea of 
airborne transmission. 
Pathogenicity 
The high correlation between isolation of M. meleagridis and the 
occurrence of air sac lesions in turkey poults is presumptive evidence 
that the organism is pathogenic (Adler et al., 1958). Later conclusive 
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evidence has been presented by the development of air sac lesions in 
experimentally exposed poults (Yoder and Hofstad, 1964; Yamamoto and 
Bigland, 1965; Dierks et al., 1967; Rhoades, 1971b) and by enbryo in­
fection (Yamamoto and Bigland, 1966; Rhoades 1971a). 
One-day old poults inoculated via the air sac and the sinus 
developed air sac lesions indistinguishable from those in natural 
cases (Yamamoto and Bigland, 1965). Air sac lesions also developed 
in poults following exposure during embryonic development (Yamamoto 
and Bigland, 1966). Varying concentrations of meleagridis were 
inoculated into the yolk sac of embryos. The incidence of airsacculitis 
in the poults at hatching ranged from 30 to 100% with a mean of 72%. 
There was no significant difference in incidence of air sac lesions 
between poults from embryos inoculated at 7 or 14 days incubation. 
Inoculation of anbryos with as few as 0.6 colony forming units re­
sulted in air sac lesions. 
Lesions of airsacculitis were characterized grossly by thickening 
of the air sac and accumulation of purulent or caseous exudate. Micro­
scopically there was lymphocytic infiltration, increased vascularity 
and an increase in amount of connective tissue (Yamamoto and Bigland, 
1965, 1966). 
The sequential development of lesions was studied by Rhoades (1971b). 
He found that the primary event was perivascular infiltration with 
lymphocytes accompanied by fibrinocellular exudate on the epithelial 
surface. The epithelium became hyperplastic in some areas and underwent 
necrosis in others. The hyperplastic areas formed acinar-like structures 
which coalesced and eventually resulted in separation of the epithelium 
and the exudate. Lymphoid follicles were formed within air sac tissue 
and the exudate became organized later in the course of the disease. 
Using electron microscopy he was able to define structures resembling 
M. meleagridis at the surface of air sac epithelial cell. He also 
noticed that the primary component of the lymphoid follicles were 
bursal dependent hemocytoblasts which he assumed to be involved in 
production of circulating antibodies. 
Air sac lesions resulting from M. meleagridis infection eventually 
resolve. In a flock of naturally infected poults, lesions were found 
in 20% of poults examined at 1 day after hatching, 44% of those 
examined at 6 weeks, but only 0.07% of those examined at 2% weeks 
(Bigland, 1969). 
Hock joint lesions developed in 8 out of 16 poults inoculated 
intravenously (Reis et al., 1970). The study of the sequential develop­
ment of the lesion revealed mild infiltration with hetrophils and 
mononuclear cells in subcutaneous, intradermal and periarticular 
tissue in poults examined four weeks after exposure. Proliferation 
of granulation tissue around the snyovial membrane and articular 
cartilage was described in those examined six weeks after exposure. 
No gross lesions were found in the male or female reproductive 
tract following inoculation of mature turkeys with M. meleagridis by 
phallic or vaginal routes (Rhoades, 1971c). However, microscopic 
lesions consisting of lymphocytic accumulations attributed to M. 
meleagridis infection were found only in the reproductive tracts of 
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Jiens. No relationship was found between female reproductive tract 
infection and level of fertility (Cherms and Frey, 1967). 
Lesions apparently are not produced in infraorbital sinuses, 
trachea or lungs of turkeys infected with M. meleagridis, even though 
the organism has been isolated from these tissues (Kleckner, 1960; 
Yamamoto, 1967; Kumar and Pomeroy, 1969). Lung lesions and hepatic 
perivascular granulocytopoietic responses were observed during late 
embryonic development after yolk sac inoculation with meleagridis 
(Rhoades, 1971a). 
Turkeys of all ages are susceptible to air sac infection with 
meleagridis when inoculated via the air sac, trachea, or by aerosol 
(Yamamoto and Bigland, 1965; Mohamed and Bohl, 1968; Kumar and Pomeroy, 
1969). Chickens are refractory to infection with M. meleagridis when 
inoculated via the air sac (Adler et al. 1958; Yamamoto and Bigland, 
1964b; Yoder and Hofstad, 1964). However, young chickens which were 
experimentally exposed as embryos developed air sac lesions which were 
similar macroscopically to those observed in naturally infected turkey 
poults (Yamamoto and Ortmayer, 1966). These lesions were believed to 
result because the naturally resistant chicken host was exposed at a 
stage when the defense mechanism was not yet operative. 
Recently the pathogenicity of different M. meleagridis strains 
was studied (Ghazikhanian and Yamamoto, 1974a). One strain out of 
three was found to be capable of producing airsacculitis in turkey 
embryos and poults. In a later study they found that the nonpathogenic 
strains were readily inactivated when injected into the yolk sac of 
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developing embryos while the pathogenic strain grew (Ghazikhanian 
and Yamamoto, 1974b). 
Serology 
The plate and tube agglutination tests have been used by various 
workers to evaluate the immune response to M. meleagridis and in 
diagnosing infection (Adler et al. 1958; Bigland and Yamamoto, 1964; 
Mohamed and Bohl, 1968). The tube test was considered more sensitive 
than the plate test (Mohamed and Bohl, 1967; Yamamoto and Ortmayer, 
1967). 
A hemagglutination inhibition test also has been developed and 
reported to be more effective than the agglutination test in detecting 
antibodies to M. meleagridis infection (Rhoades, 1969b; Thornton et 
al. 1975). 
The immune response of the turkey to experimentally induced M. 
meleagridis infection was studied (Kleven and Pomeroy, 1970). They 
found that high molecular weight antibodies (IgM) were produced within 
4 to 6 days after exposure, low molecular weight antibodies (IgG) 
were produced 10 to 14 days after exposure and increased to form the 
primary constituent of the antibodies at 3 to 4 weeks after exposure. 
Detectable levels of IgM persisted. They indicated that the plate 
agglutination test is more efficient in detection of IgM, the hemagglu­
tination inhibition test detected only IgG, whereas the tube agglutina­
tion test measured both types of antibodies. 
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When hemagglutination inhibition and tube agglutination tests 
were used to detect antibodies in experimentally infected turkeys, 
the agglutinating antibodies were higher in titer than the hemagglu­
tination inhibiting antibodies at 4 weeks after exposure. Later 
at 6 to 12 weeks after exposure the hemagglutination inhibiting anti­
body titer was higher than the agglutinating antibodies titer 
(Rhoades, 1969b). 
Detectable levels of agglutinins were obtained at 3 weeks of • 
age in turkey poults which were infected as 14 day-old embryos (Yama-
moto and Ortmayer, 1966). The agglutination test was used to determine 
and compare antibody titers of birds exposed by either intravenous 
inoculation, air sac inoculation, combined inoculation of trachea and 
sinus, or by combination of all these exposure methods (Mohamed and Bohl, 
1968). They found that highest titers developed in those exposed intra­
venously and that lowest titers developed in those exposed via the air 
sac. 
Vaginal exposure of turkey hens resulted in detectable levels of 
agglutinins in all exposed hens; the highest titers were obtained 4 weeks 
after exposure. Phallic exposure of male turkey resulted in circulating 
agglutinins in only a few toras, suggesting that most of the toms were 
serologically negative carriers of M. meleagridis (Rhoades, 1971d). 
Passive agglutinins against M. meleagridis have been reported in 
turkey poults hatched from infected breeding flocks (Bigland and Yamamoto, 
1964; Mohamed and Bohl, 1968). 
A low level of agglutinins was detected in 3 week old chickens 
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experimentally exposed to M. meleagridis at 1 and 5 days after 
hatching (Yamamoto and Bigland, 1964b). 
Control 
Attempts to obtain uninfected poults from infected breeding 
flocks include selection of breeding turkeys which are free of in­
fection as determined by antemortem microbiological and serological 
examination (Yamamoto and Bigland, 1966; Yamamoto et al., 1966b; 
Kumar et al., 1966; Mohamed and Bohl, 1969). Antibiotic treatment of 
poults or hatching eggs was also used to obtain M. meleagridis free 
poults (Bigland et al., 1964; Yamamoto et al., 1966a; Kumar et al., 
1966, Mohamed and Bohl, 1969; Hofstad, 1974; Wise and Fuller, 1975; 
McCapes et al., 1975). 
Administration of tylosin parenterally or in drinking water for 
turkeys in production did not reduce airsacculitis in the progeny 
(Bigland et al., 1964; Kumar et al., 1966). Tylosin was also ineffec­
tive in controlling M. meleagridis infection when administered orally 
to experimentally infected poults (Wise and Fuller, 1975). Dipping of 
hatching eggs in erythromycin solution has not been successful in re­
ducing the egg transmission rate (Bigland et al., 1964). However, the 
rate of transmission was significantly reduced when tylosin was used 
(Kumar et al., 1966; Mohamed and Bohl, 1969; Hofstad, 1974). Tylosin 
was more effective when injected into the hatching egg, via the yolk 
sac (Yamamoto et al., 1966a; Hofstad, 1974), or into the small end of 
the egg before incubation (McCapes et al., 1975). None of these methods 
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completely eliminated egg transmission of M. meleagridis. However, 
gentamicin was found to be more effective and less toxic than tylosin 
when injected into the egg (McCapes et al., 1975). 
An attempt to immunize female turkeys with five weekly 1.0 ml. in­
jections of viable M. meleagridis resulted in a higher incidence and 
more severe airsacculitis in the progeny (Vlaovic and Bigland, 1971). 
For eradication it was suggested to combine antibiotic treatment 
of eggs with serologically testing of male and female breeders and sub­
sequent cloacal cultures of the males for detection of carriers 
(Mohamed and Bohl, 1969; Yamamoto and Ortmayer, 1970 and 1971). 
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Review of the Techniques 
Used for Comparative Study 
of Mycoplasma Strains 
Since a vast amount of literature has been cited in this field 
this review will be limited to the following techniques used in this 
investigation: metabolic inhibition, growth inhibition, immuno-
electrophoresis and polyacrylamide-gel electrophoresis. 
The different serological techniques adapted for the study of 
mycoplasmas differ greatly in sensitivity and specificity. Thus the 
degree of serological relationship among the species is to a certain 
extent a function of the serologic technique employed to study such 
relationships (Purcell et al., 1969). 
Metabolic inhibition and growth inhibition test: the history 
and techniques of these two tests have been reviewed by Purcell et al. 
(1969). The growth inhibition test was proved to be capable of differentia­
ting between two M. laidlawii strains (Clyde, 1964). It was also used 
to differentiate resistant and sensitive strains of hyorhinis 
(Dinter and Taylor-Robinson, 1969). Gois et al. (1974) found that 
growth inhibition, metabolic inhibition and latex-agglutination tests 
were equally efficient in strain differentiation when they were used 
to compare seven strains of M. hyorhinis. Minor antigenic differences 
between strains of M. gallisepticum were revealed by the metabolic in­
hibition test (Taylor-Robinson and Berry, 1969). 
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Growth precipitation test: The growth precipitation phenomenon 
was first reported by Dinter and Taylor-Robinson, 1969, when they 
noticed various numbers of precipitation rings in the agar medium 
around the antiserum impregnated discs used for growth inhibition. 
The test was first employed for serological study by Krosgaard-Jensen 
(1972), He found that the culture must be viable because no precipi­
tation occurred when heat inactivated cultures were used. Also no 
reaction occurred when nonnutrient gel-diffusion agar plates were 
used for the test. The growth precipitation test was negative when the 
sera were diluted beyond 1:4 or 1:8. Jordan (1973) used the growth 
precipitation test in combination with the growth inihibition test 
for typing avian mycoplasmas. He notices that the depth of the media 
affected the number and intensity of the precipitation lines, the 
more shallow the medium the stronger the bands. Gois and Kuska (1975) 
reported minor differences, as manifested by the number and intensity 
of the precipitation lines, between seven M. hyorhinis strains. 
Friis (1977) found that strains of M. flocculare and M. suipneumoniae 
could readily be identified by the growth precipitation test; different 
strains within the species showed a single line varying in.intensity. 
The growth precipitation test was considered a useful supplementary 
serological test in cases where strains were not sensitive to growth 
inhibiting antibodies (Krogsgaard-Jensen, 1972; Jordan, 1973). 
Immunoelectrophoresis: This technique was not used very often 
for mycoplasmal studies as it requires a good precipitating antisera 
and requires a much higher concentration of mycoplasma antigen (Stone 
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and Razin, 1973), The Immunoelectrophoresis technique was found to 
be superior to the direct double immunodiffusion procedure because 
the multiplicity of antigens associated with some mycoplasma strains 
were not detected in the later test because of overlapping of precipi­
tation lines (Stone and Razin, 1973). Twenty antigenic components 
were detected among arginine utilizing mycoplasmas while the double 
diffusion test revealed only to the 12 lines (Thirkill and Kenny, 1974). 
The use of detergents such as Triton X-100 was found to be necessary 
for solubilizing the membrane antigen (Thirkill and Kenny, 1974). 
Wroblewski et al. (1977) compared six different neutral and anionic 
detergents and they found that sodium deoxycholate was the best 
anionic detergent and Triton-100 the best neutral detergent for solu­
bilization of A. laidlawii membranes. 
For optimal two-dimensional electrophoresis the antigens of the 
organism must be negatively charged so that they will migrate toward 
the anode in both phases (Thirkill and Kenny, 1974). Some of the anti­
gens tend to move toward the cathode when ordinary agar is used in the 
matrix but this does not occur when the agar is replaced by agarose 
(Thirkill and Kenny, 1974). 
Two-dimensional electrophoresis was found useful for detection of 
antigenic differences between strains when each strain produces a 
different antigenic profile (Thirkill and Kenny, 1974; Alexander and 
Kenny, 1977). The number of methods which could be used to identify 
and characterize the unique and common components in the two-dimensional 
immunoelectrophoretic technique were reviewed by Axelsen and Bock (1972). 
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Two of these procedures namely enhancement and suppression, were 
adopted by Thirkill and Kenny (1975) to compare three strains of 
M. arginini. 
Polyacrylamide gel electrophoresis: The electrophoretic 
patterns of membrane proteins were used to reflect the identity or 
nonidentity of microorganisms since the synthesis of membrane protein 
is believed to be genetically directed (Razin and Rottem, 1967), The 
technique has been used very commonly by many workers to compare differ­
ent species and strains of mycoplasma (Razin and Rottem, 1967; Razin, 
1968; Armstrong and Yu, 1970; Ross and Karmon, 1970; Zola et al., 1970; 
Bellinger and Jasper, 1972, Rhoades et al., 1973 and Gois et al., 1974). 
In all these studies it was found that the whole cell protein of organisms 
within the same species gave the same electrophoretic pattern. However, 
Stone and Razin (1973) noticed a slight difference between virulent and 
non-virulent strains of M. mycoides. Minor differences in intensity of 
the bands among strains of a given species were noticed by Zola et al. 
(1970) and Rhoades et al. (1973). This difference in intensity was 
thought to be due to incomplete removal of serum protein (Zola et al., 
1970). Different growth conditions, type of serum and concentration of 
serum used for the growth medium, and age of cells did not affect the 
electrophoretic pattern (Razin and Rottem, 1967; Zola et al., 1970). 
Strains of M. gallisepticum isolated from chicken or turkeys or from 
different anatomic sites produced similar electrophoretic patterns 
(Rhoades, et al., 1973). However, Dellinger and Jasper (1972) reported 
some minor differences in the electrophoretic pattern or proteins of 
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strains of M. bovimastitidis recovered from different anatomic areas. 
Polyacrylamide gel electrophoresis was used to classify unknown 
mycoplasma isolates by comparing their electrophoretic pattern with 
patterns of known strains (Dellinger and Jasper, 1972; Kirchhoff, 1978). 
Zola et al. (1970) modified the technique by using the slab method 
which they found very convenient for comparison of different strains. 
The polyacrylamide gel technique was found superior to serological 
techniques for determination of purity of cultures (Razin, 1968). 
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MATERIALS AND METHODS 
Source of Mycoplasma Species 
The source and origin of the mycoplasma strains used in this 
study are listed in Table 1. 
Propagation of the Organisms 
and Antigen Production 
Media 
Broth media Three types of broth media were used for the 
propagation of the organisms. 
1. Turkey meat infusion broth medium: This medium was basically 
the same as the one first described by Hofstad and Doerr (1956) and 
modified by Yoder and Hofstad (1962). Five hundred grams of ground 
turkey meat were infused in one liter of distilled water for 16 to 
18 hours at 4 C. The infusion was cooked for 30 minutes in a 
boiling water bath and thoroughly mixed by occasional shaking. It 
was clarified by passing through Whatman paper No. 1 using negative 
pressure. The broth was then supplemented with 1% (w/v) mucin^, 
bacteriological, 6% (v/v) turkey blood, 9.5% (w/v) NaCl and 2% (w/v) 
^Difco Laboratories, Detroit, Michigan 
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Table 1. Source and origin of mycoplasma strains 
Mycoplasma 
species Strain Origin 
Immediate 
Source 
M. meleagridis Eg 
8M92 
RY3 
N 
529 
1940 
1466 
886 
M. gallisepticum F 
synoviae 1614 
Isolated by K. R. Rhoades 
from turkey embryo. Iowa 
Isolated by M. L. Frey 
from turkey air sac. Iowa 
Isolated by R. Y. Yamamoto 
from turkey air sac 
California 
Isolated by W. Kelton 
from turkey tissue 
Isolated by R. Y. Yamamoto 
from turkey tissue 
California 
Isolated by the author 
from turkey embryo. Iowa 
Isolated by M. Y. Saif 
from turkey tissue. Ohio 
Isolated by A. L. Kleckner 
from turkey tissue 
Georgia 
Isolated by J. Fabricant 
Isolated by W. V. Olson 
from a chicken joint 
K. R. Rhoades 
K. R. Rhoades 
K. R. Rhoades 
K. R. Rhoades 
K. R. Rhoades 
The author 
M. S. Hofstad 
M. S. Hofstad 
M. S. Hofstad 
M. S. Hofstad 
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Celite^ to facilitate clarification. The pH level was adjusted to 
7.8 with NaOH. It was again heated in a boiling water bath for 30 
minutes and again clarified through filter paper. The infusion was 
supplemented with 20% (v/v) heat inactivated (56 C for 30 minutes) 
swine serum, 5% (w/v) yeast autolysate , Penicillin G at the rate of 
500 units per ml. and thallium acetate at a ratio of 1:6000. The 
final pH was adjusted to 8.0 by the addition of NaOH, 
Sterilization of the complete medium was accomplished by fil­
tration through a series of selas filter candles starting with #10 
porosity followed by the 1, 015, 02 and finally sterilized by passing 
through the 03 candle which was adapted to a dispensing flask. The 
medium was then aseptically dispensed in 5 ml. amounts in 16 x 25 mm 
screw capped tubes or in 500 ml. amounts in 1000 ml. Erlemyer flasks. 
The medium was then stored at 4 C until used. 
2. Heart infusion broth medium: This medium was prepared according 
to the procedure given by Rhoades (1971d). It consisted of 2% (w/v) 
yeast autolysate, 2% (w/v) protease peptone No. 3 , 2.5% (w/v) heart 
3 infusion broth and thallium acetate at the rate of 1:4000. These in­
gredients were dissolved in one liter of distilled water and the pH 
was adjusted to 7.8 using NaOH. The mixture was autoclaved for 
sterilization. After cooling it was supplemented with 10% (v/v) 
^Analytical filter aid, Johns Manville, Lompoc, California. 
2 Pfizer Diagnostic Division, Chas. Pfizer and Co., Inc., N.Y., N.Y. 
3 Difco, Detroit, Michigan. 
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filter-sterilized horse serum and 500 units of penicillin per ml. 
Dispensing and storage was similar to that of turkey meat infusion 
broth. 
3. SP4 broth medium: This medium was initially described by 
Tully et al. (1977). They used it for isolation of spiroplasma. 
It was later modified by Tully for growth of mycoplasma (personal 
communication). The medium used in this study consisted of 0.35% 
1 9 (w/v) mycoplasma broth base ;1% (w/v) tryptone Bacto ; 0.53% (w/v) 
2 2 peptone Bacto, 0.5% (w/v) L - arginine hydrochloride; 5% (v/v) 
CMRL 1066 medium^, 3.5% (v/v) of freshly prepared 25% (w/v) Gibco 
4 ? yeast extract solution, 10% (v/v) of 2% (w/v) yeastolate solution, 
17% heat inactivated swine serum, 2000 units of penicillin G per 
ml., 1% (v/v) of 0.2% phenol red solution. The volume was then made 
up to one liter by addition of deionized water. When this was to 
be used for M. gallisepticum of M. synoviae the arginine was replaced 
2 
with glucose and in case of M. synoviae nicotinamide adinine 
dinucleotide and cystine were added each at the rate of 0.5% (w/v). 
The pH of the complete medium was adjusted to 7.5 using NaOH. The 
^Baltimore Biological Laboratories, Cockeysville, Maryland. 
2 Difco, Detroit, Michigan. 
3 Grand Island Biological Company, Grand Island, New York. 
4 Gibco Diagnostic, Madison, Wisconsin. 
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sterilization, despensing and storage was similar to that de-
cribed for turkey infusion broth medium. 
Solid media Agar slants and plates were prepared by the 
addition of 14% (v/v) heat inactivated filter-sterilized horse 
serum and 6% (v/v) filter-sterilized yeast extract^ to autoclaved 
turkey meat infusion broth with 1.6% (w/v) special Nobel agar at 
pH 8.3. The medium was supplemented with thallium acetate at the 
ratio of 1:4000 and penicillin at the rate of 400 units per ml. 
It was despensed while warm in 5 ml. amounts in small plastic petri 
dishes (60 x 15 mm), or in 4 ml. amounts in small screw-capped 
tubes placed in a slanted position during cooling. Plates were placed 
in plastic bags to avoid drying and, together with the slants, stored 
at 4 C. 
The agar plates were used for isolation of the organism and in 
growth inhibition and growth precipitation tests. 
Incubation of Cultures All cultures were incubated at 37 C; in 
3 the case of agar plates a high humidity incubator was used. For 
large flasks, a shaking water bath^ set at 37 C was used. 
Vleischmann's dry yeast type 2040. Standard Brands, Inc., 
Richmond, Virginia. 
2 Difco Laboratories, Detroit, Michigan. 
3 National Appliance and Manufacturing Co., 
4 Precision Scientific, Chicago, Illinois. 
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Antigen production 
Antigen for sodium deoxycholate extraction, sonication, 
hyperimmunization, polyacrylamide gel electrophoresis, or haemagglu-
tination tests was prepared by inoculation of 500 ml. of medium 
with 5 ml. of 24 hour broth culture. The cultures were incubated 
for 24 hours or until a turbidity or color change was obtained. They 
were checked for bacterial contamination by microscopic examination 
of gram stained smears. A refrigerated angle head centrifuge^ was 
used for harvesting the antigen at 19,600 x g for one hour. 
Soluble antigen Isolates Eg and N were grown in SP4 + arginine 
medium enriched with rabbit serum. Incubation and harvesting were 
done as explained above. The extraction procedure was similar to 
that described by Van Hemert et al. (1964). The cells were washed 
twice with 0.25 M NaCl and suspended in 1% sodium deoxycholate (DOC) 
in 0.05 M phosphate buffer pH 8.5 at the ratio of 1 g of packed cell 
per 25 ml. of DOC solution. The mixture was allowed to stand at room 
temperature overnight. The following day the pH was adjusted to 
7.5 with 0.1 N HCl. Deoxyribonuclease was added at the rate of 10 ug. 
per ml. and the extract was incubated for 80 minutes at room tempera­
ture. Insoluble material was removed by centrifugation and discarded. 
The supernatant liquid was dialysed against six changes of distilled 
water at 4 C to get rid of excess DOC. The extract was lyophilized 
^Serval 1 Inc., Newtown, Connecticut. 
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and kept at 4 C until used. 
Sonicated antigen The procedure employed was similar to 
the one described by Thirkill and Kenny (1974), Isolates Eg and N 
were grown in SP4 + arginine medium. Incubation and harvesting of 
antigen was done as explained previously. The cells were washed 
three times in TES saline which was composed of 0.15 .M NaCl and 
5 mM TES (N-tris(hydroxymethyl)methyl-2-aminoethane sulfonic acid) 
at pH 7.0. Washed cells were suspended in 2 ml. of distilled water 
in which they were disrupted by sonic treatment in an ice bath at 
maximum power with a Bronwill scnicator for 2 minutes with inter­
ruptions to prevent over heating. The protein content of the sus­
pension was determined by the Folin^ phenol method of Lowry et al. 
2 (1951) with Lab-trol as a standard. The standardized antigen was 
stored at -50 until used. 
Whole Cell antigen for hyperimmunization Isolates Eg 
and N were grown in SP4 + arginine medium enriched with rabbit serum 
or with turkey serum. Cultures were incubated and harvested as 
mentioned previously. The sediment was resuspended with the aid of 
a Tenbroeck tissue grinder in sufficient saline so that the opacity 
was equivalent to the No. 10 tube of the McFarland density scale. 
^American Hospital Supply Corporation, Miami, Florida. 
2 Fischer Scientific Company, Fairlawn, New Jersey. 
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Hyperimmune Sera 
Antisera against DOC extracted Eg antigen was produced in two 
white New Zealand rabbits. Each rabbit received three injections at 
5-day intervals of 5, 10 and 20 mg. of DOC extract suspended in 2,5 
ml. of distilled water and mixed with an equal volume of complete 
Freund adjuvant^. A booster dose, 20 mg. was given three weeks later. 
The injections were given intramuscularly in the flank region. The 
rabbits were bled 10 days after the booster inoculation. 
Antisera against whole Eg and N antigen were produced in rabbits 
and 5 week old turkeys. For each isolate 2 rabbits and 4 turkeys 
were used. The standarized antigen was mixed with an equal volume 
of incomplete adjuvant (9 ml. mineral oil and 1 ml. Arlacel A). Each 
rabbit received 2 ml. of the mixture intramuscularly in the flank 
region and the turkeys each received 1 ml. intramuscularly in the 
thigh. The injections were given at weekly intervals for five weeks. 
Animals were bled one week after the last injection. 
Eggs and Poults 
Source of eggs 
Eggs were obtained from a local commercial hatchery, usually 
a case of 200 eggs at a time. 
^Difco Laboratories, Detroit, Michigan. 
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Hatching and raising of poults 
All eggs, treated and untreated controls, were incubated in a 
large Jamesv/ay incubator at 37 C. Eggs were candled every week to 
eliminate infertile and dead embryos. Two days before the expected 
hatching date the eggs were separated into control and treated groups 
and each incubated separately. After hatching the poults were then 
moved to brooder batteries where they were kept until the end of the 
experiment. 
Antibiotic Treatment of Experimentally Infected Eggs 
Eggs were candled and the air cells were marked. Two holes were 
drilled, one through the air cell region and another through the small 
end of the egg. A 0.1 ml. dose of a 24-hour culture of isolate 1940, 
diluted 1:10 or 1:1000 was injected through the air cell into the al­
bumin using a tuberculin syringe and a 27 gauge needle. Antibiotics, 
1 2 tylosin or gentamicin sulfate , were inoculated into the small end of 
the egg at the rate of 1 mg. per egg. Control eggs received the organ­
ism but not the antibiotics. The holes were sealed with mixture com­
posed of 4 parts paraffin, 4 parts bees wax and 1 part castor oil. Eggs 
were then incubated and candled weekly. Infertile eggs and dead embryos 
^Eli Lilly Company, Indianapolis, Indiana. 
2 Schering Corporation, Kenilworth, New Jersey. 
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were opened aseptically and swabs from the yolk sac or respiratory 
tissue of the developing embryos were inoculated on agar plates to 
check for mycoplasmal growth. Within 24 hours after hatching poults 
were killed. The thoracic and abdominal air sacs of each poult were 
exposed with a sterile instrument and examined visually. Those with 
exudate were swabed and the material was inoculated on agar plates 
to check for mycoplasmal growth. 
Antibiotic Treatment of Naturally Infected Eggs 
Eggs were obtained from the same source mentioned above except 
for one experiment where they were obtained from a commercial hatchery 
in Rochester, Minnesota. A hole was drilled into the small end of 
each egg. Gentamicin sulfate was inoculated into the small end 
of the eggs at increments of 1, 1.5, 1.75 or 2 mg. per egg. Tylosin 
phosphate was used at the rate of 1 mg, per egg. Control eggs re­
ceived 0.1 ml. of sterile distilled water. Eggs were incubated, candled 
weekly and dead embryos were checked for mycoplasmal infection as de­
scribed previously. Poults from each group were hatched and kept 
separately for three weeks when they were bled by heart puncture. The 
serum was examined for antibodies against meleagridis using plate 
and tube agglutination tests. The serologically positive poults were 
killed and examined for air sac lesions. Swabs from the air sac and 
lung were ihoculated on agar plates to check for mycoplasmal growth. 
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The confirmation of an isolant as M. meleagridis was done by • 
checking few representative plates by the fluorescent antibody 
technique. 
If the poults from the antibiotic treated eggs were negative 
at 3 weeks, they were retested at 5 weeks. 
Pathogenicity Studies 
Pathogenicity for turkey embryos 
Twenty-four-hour cultures were used at dilutions 10"^ and 
10'^. Usually a sample from the same culture was used for determina­
tion of the colony forming units. One tenth ml. from the proper 
dilution was inoculated into different eggs using various routes -
yolk sac, air cell or albumen. Eggs were either inoculated prior to 
incubation, one week after start of incubation or 12 days after start 
of incubation. The incubated eggs were candled weekly and dead 
embryos were opened aseptically and fluids were inoculated on agar 
plates to check for mycoplasmal growth. Two days before hatching, 
eggs were removed from the incubator and kept at 4 C overnight to 
kill the embryos. The following day eggs were opened aseptically and 
embryos were examined for air sac lesions and samples taken from 
the air sac and lung were inoculated on agar plates. Sometimes the 
poults were allowed to hatch and were killed within 24 hours after 
hatching for examination. Those with air sac lesions were swabbed 
for culturing. 
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Pathogenicity for Chicken Embryos 
Chicken eggs were obtained from the flock at the Veterinary 
Medical Research Institute. Eggs were candled prior to incubation 
and a hole was drilled through the shell on top of the air cell. 
Twenty-four-hour culture of isolate 1940 diluted 1:10 or 1:100 was 
used as inoculum. Using the procedure mentioned earlier 0.1 ml. of 
the 1:10 dilution was inoculated into the albumin of each egg in one 
group. Another group received a 1:100 dilution. Controls received 
0.1 ml. of sterile distilled water. Eggs were then incubated and 
checked for mycoplasmal growth as described previously. 
Determination of Heat Lability 
A twenty-four-hour culture of each isolate was inoculated in 
SP4 + arginine medium in a water bath^ at 56 C. From each culture 
0.5 ml. was transferred aseptically to a fresh tube of the same media. 
This was repeated every 5 minutes for 30 minutes. All tubes were 
labeled, incubated at 37 C, and checked for color change and turbidity 
every day for a week. The last tube with growth as indicated by color 
change or turbidity was considered the maximum time the organism 
could survive at that temperature. The experiment was repeated one 
time. 
^Blue M Electric Co., Blue Island, Illinois. 
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Determination of Antibiotic Sensitivity in vitro 
The sensitivity of each isolate to gentamicin sulfate and 
tylosin phosphate was examined. A ten-fold dilution of each drug 
was made in SP4 + arginine medium starting with 0.5 ml. of 1 mg/ml. 
concentration of the drug to 4.5 ml. of medium. The dilution was 
carried down to six tubes resulting in 100, 10, 1.0, 0.1, 0.01 and 
0.001 ug. of the drug per ml. of media. Each tube was inoculated 
—2 
with 0.1 ml. of 10" dilution of 24 hour culture of the organism to 
be tested. The tubes were incubated at 37 C and examined daily for 
color change or turbidity. The last tube which did not develop color 
change or turbidity represented the highest dilution of the drug re­
quired to inhibit the growth of the organism. The experiment was 
repeated. 
Effect of Storage on Survival of meleagridis 
Two isolates, N and RYg, were used in this study. Each isolate 
was inoculated into 20 tubes of SP4 + arginine media. When color 
change and turbidity became evident, generally 24 hours after incuba­
tion the tubes of each isolate were pooled together into a sterile 
flask. After a sample from each pool was taken aseptically and used 
to determine the number of colony forming units, aliquots of approxi­
mately 2 ml. were placed in each of 50 sterile small screw-capped 
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tubes and stored at different temperatures. Ten tubes from each 
isolate were kept in the incubator at 37 C, 10 at room temperature 
at approximately 26 C, 10 in the cold room at approximately 4 C, 
1 2 10 in a freezer at approximately -30 C and another 10 in a Revco 
freezer at approximately -50 C. 
Samples in the incubator and at room temperature were examined 
every week. Those in the cold room and freezers were examined every 
4 weeks to determine the viability of the organism. Two tubes from 
each isolate were opened aseptically and 0.2 ml. was transferred to 
1.8 ml. of SP4 + arginine media. Ten-fold dilutions were made up 
through 10"^^. Then 0.05 ml. from three suitable dilutions were ino­
culated on agar plates, this was done in duplicate. The plates and 
dilution tubes were incubated up to one week. Colonies were counted 
on each plate and the tubes were checked for the highest dilution re­
sulting in a color change or turbidity. 
Hemagglutinating Activity 
Antigen from Eg and 8M92 isolates were prepared in SP4 + 
arginine medium and heart infusion broth medium. Incubation and 
harvesting of the antigen was done as described previously. Cells 
^C. L. Percival Co., Boone, Iowa 
2 Revco Inc. Industrial Products Division, Deerfield, Michigan. 
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harvested from 500 ml. of media were resuspended in approximately 
5 ml. of phosphate buffered saline containing 0.3% phenol as rec­
ommended by Rhoades (1969b). Antigen was mixed with 50% glycerol 
and stored at -25 C. M. gallisepticum antigen was kindly provided 
by Dr. Hofstad (Veterinary Medical Research Institute, Ames, Iowa). 
Erythrocytes from turkey, chicken rat, guinea pig, rabbit 
and sheep were collected, washed and suspended in 10% sterile A1severs 
solution and stored at 4 C until used. 
The procedure employed in this study was similar to the one 
described by Yoder and Hofstad (1964) except that it was modified 
for the microtiter plate^ application. Phosphate buffered saline was 
supplemented with a 1:100 dilution of normal serum from the species 
from which the cells were to be used or with 1:1000 bovine albumen. 
This buffer was used as a diluent to make serial two fold dilutions 
of the antigen starting with 0.05 ml. of antigen. To each well 0.05 ml. 
of 0.25% erythrocytes was added. Plates were incubated at room 
temperature for 1-2 hours. Haemagglutination was recorded as the 
reciprocal of the highest dilution of antigen causing complete haema­
ggluti nation. 
^Model IS-MRC-96, Linbro Chemical Company, New Haven, 
Connecticut. 
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Serological Tests 
Plate and tube agglutination tests 
Antigen was prepared from strain 886 in turkey meat infusion 
broth. It was incubated and harvested as described previously. The 
standardization of the antigen and application of the test was done 
as described by Yoder and Hofstad (1962). The cells were resuspended 
in 0.25% phenolized phosphate buffer at pH 7.0. Enough buffer was 
added so that a 1:20 dilution of the antigen would result in a reading 
of 50 on the Klett Summerson photoelectric^ colorimeter with a No. 54 
light filter. 
For the plate test one drop of standardized concentrated antigen 
was mixed with one drop of serum on a glass plate. The mixture was 
incubated 3-5 minutes at room temperature during which time the plate 
was rotated. Positive agglutination was evidenced by obvious clumping 
of mycoplasmal cells. 
For the tube agglutination test the standardized antigen was 
diluted 1:20 in 0.25% phenolized phosphate buffer. Serum was pipetted 
at the rate of 0.08, 0.04 and 0.02 ml. per 10 x 75 mm agglutination 
tube. Each tube then received 1.0 ml, of diluted antigen, affording 
serum dilutions of 1:12.5, 1:25, and 1:50. The tubes were incubated 
at 37 C for 18-24 hours. Positive agglutination was evidenced by 
obvious clearing of the upper portion of the fluid with clumpy sedi­
ment in the bottom of the tubes. 
^Klett Mfg. Co., New York. 
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Metabolic inhibition test 
A modification of the microtiter technique of Purcell et al. 
(1969) was done to determine the metabolic inhibiting antibody titers. 
SP4 + arginine medium adjusted to pH 7.2 was used as a diluent. Serial 
two fold dilutions of serum were made in 0.025 ml. of diluent in micro-
titer plates, a 1:10 dilution of a twenty-four-hour culture was added 
in the amount of 0.05 ml. to all wells except the medium control 
wells. Unheated guinea pig serum was diluted 1:10 and 0.125 was added to 
each well to enhance the metabolic inhibiting activity of the sera. The 
plates were sealed with plate sealer^ and incubated at 37 C for 24 to 
36 hours. The highest serum dilution which prevented a pH change when 
the organism control had changed approximately 0,5 pH units, represented 
the metabolic inhibiting titer. The antibody titers were expressed as 
reciprocals of serum dilution after the addition of all reagents. 
Growth inhibition test 
The test was performed as described by Clyde (1964). Discs were 
soaked with 20 microliters of antiserum then allowed to dry overnight 
under ultraviolet light. The dried discs were stored at -50 C until used. 
Agar plates were placed in the incubator for 30 minutes before 
use to get rid of the excess moisture on the surface of the agar. 
Twenty-four-hour cultures were diluted 1:10 and 1:100 and 0.05 ml. 
^Cooke Engineering Company, Alexandria, Virginia. 
2 Difco Laboratories, Detroit, Michigan. 
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was used to inoculate the plate. The inoculum was spread evenly 
with a sterile Pasteur pipet whose tip had been bent previously at 
a 90 degree angle. The culture was allowed to absorb to the agar for 
15 minutes before the impregnated discs were placed on the surface 
of the agar. The plates were incubated in a moist 37 C incubator and 
observed every day for growth. The zones of inhibition were measured 
in millimeters from the periphery of the disc to the beginning of 
growth. 
Growth precipitation test 
The method employed was a modification of the one described by 
Krogsgaard-Jensen (1972). Absorption of antisera was performed accord­
ing to the procedure of Janson (1974). One percent (w/v) lyophilized 
media was added to the serum, incubated overnight at 4 C and then pre­
cipitate was removed by centrifugation at 4500 x g for 30 minutes. A 
No. Th. sterile cork borer was used to make wells 7 mm in diameter in 
freshly prepared agar plates. The distance between the rim of the 
central well and that of the peripheral wells was 10 mm. Sterile 
tuberculin syringes were used to deposit the antiserum and antigen samples 
at the rate of 0.04 and 0.08 ml. per well respectively. Diluted and un­
diluted serum was used. Antisera against qallisepticum and M. 
synoviae was kindly provided by Dr. Hofstad (Veterinary Medical Research 
Institute). Twenty-four-hour cultures and various dilutions of (DOC) 
extracted cells were used as antigen. The plates were incubated at 
37 C in a humidified chamber. The development and intensity of the 
precipitation lines were observed using a black, background viewer with 
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indirect light. The plates were examined daily for up to one week 
or more and the number and intensity of the precipitation lines were 
scored. 
Fluorescent antibody technique 
Immunoglobulins were precipitated with saturated ammonium sulfate 
from hyperimmune serum prepared against 14. meleagridis strain 886 by 
Dr. Hofstad (Veterinary Medical Research Institute). These immunoglob­
ulins were conjugated to fluorescein 1sothycyanate^ (FITC) according 
to the procedure described by Potgieter (1970). The protein content of 
2 the globulin was determined by the Pol in phenol method of Lowry et al. 
(1951), with Lab-trol as standard, fluorescein isothiocynate (FITC) 
was conjugated to the protein at the ratio of 1:40. The conjugate was 
dialysed against 20 volumes of pH 7.5 phosphate buffered saline. The 
protein conjugate was run through a sephadex G-25 column with a 0.1M 
pH 7.35 phosphate buffer at 4 C to remove free fluorescein. Elution 
was judged with visual tracing of the dye and eluates were collected 
in test tubes as they emerged from the column. The conjugate was 
kept at -50 C for later use. 
^Baltimore Biological Laboratories, Cockeysville, Maryland. 
2 American Hospital Supply Corporation, Miami, Florida. 
3 Fisher Scientific Company, Fairlawn, New Jersey. 
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The direct fluorescent antibody technique was applied on agar 
plates. Three to four-day-old culture plates were examined micros­
copically and areas with distinct colonies were marked with circles. 
Plates were checked for autofluorescence under an ultra violet micros­
cope^ using a K-530 filter. Plates were then flooded with a pH 7.4 
phosphate buffered saline for 20 minutes. The buffer was discarded, 
teflon rings were placed on each circled area and filled with two drops 
of conjugate diluted 1:20 or 1:40. The plates were then incubated at 
room temperature for 30 minutes. The rings were removed and plates 
were rinsed 3 times with phosphate buffered saline pH 8.0, and then 
examined for fluorescence. 
Haemagglutination inhibition test 
The procedure employed was similar to the one described by 
Yoder (1972) adapted to the microtiter technique. Phosphate buffered 
saline supplemented with approximately 1:1000 normal turkey serum, was 
used as diluent. The buffer was added to the first well at the rate 
of 0.08 ml. Five hundredths ml. of antigen containing 8 haemagglutina-
ting units was added to the second well. The rest of the wells in the 
same row each received 0.05 ml. of antigen containing 4 haemagglutina-
ting units. Serum was added to the first well at the rate of 0.02 ml. 
and then serial two fold dilutions were made. All wells received 
0.05 ml. of 0.25% turkey erythrocytes. Plates were incubated at room 
^Ernst Leitz, Wetzlar, Germany. 
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temperature. The highest dilution of serum which resulted in complete 
inhibition of agglutination represented the haemagglutination in­
hibition titer. 
Electrophoretic Studies 
Polyacrylamide gel electrophoresis 
The procedure employed in this study was similar to the one 
described by Razin and Rottem (1967). Antigens were grown and harvested 
as described earlier. Cells were washed twice in cold 0.25 M NaCl and 
sedimented each time at 30,900 x g for 15 minutes. The pellet was 
resuspended in 1 ml. of 0.25 M NaCl. The amount of the cell protein 
in the suspension was determined according to Lowry et al. (1951). 
Cells were dissolved by adding two volumes of phenol-acetic acid-water 
(2:1:0.5 w/v/v/) to one volume of cell suspension, sedimented at 30,900 
X g per 30 minutes and the supernatant fluid was transferred to small 
screw capped glass bottles for storage at 4 C. 
A stock solution containing 6 g acrylamide, 0.16 g N'N' methylen-
bisacrylamide, 12 g urea in 28 ml. glacial acetic acid was prepared. 
For the gel preparation 12 ml. of the stock solution were mixed with 
4 ml. of fresh solution containing 0.06 g ammonium persulfate, 2.4 g urea 
and 0.08 ml. of N, N, N', N'-tetramethylethylenediamine. The gel was 
distributed in 8 ml. amounts in 5 x 75 mm glass tubes. It was over-
layered with 75% (v/v) acetic acid. Gels were then incubated at 37 C 
for 45 minutes to allow polymerization. After gels were polymerized 
the acetic acid layer was removed prior to placing tubes in the 
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electrophoresis apparatus^. Samples were prepared by mixing 100 
microliters of phenol-acetic acid extract with 50 microliters of 
40% (w/v) sucrose solution in 35% (v/v) acetic acid, then the mix­
ture was added to the gel at the rate of 100 microliters per tube. 
Samples were overlayered with 75% (v/v) acetic acid followed by 10% 
(v/v) acetic acid. Both upper and lower chambers of the apparatus were 
filled with 10% (v/v) acetic acid. Electrophoresis was carried out 
at 3.5 ma per tube for 3 hours at room temperature. 
Staining The gels were stained with 1% (w/v) Amido Black 
2 10 B in 7% (v/v) acetic acid for 30 minutes then rinsed well with 
tap water. For destaining the gels were transferred to the electro­
phoresis apparatus and the upper and lower chambers of the apparatus 
were filled with 7% acetic acid. Electrophoresis was carried out at 
10 ma per tube for approximately one hour at room temperature. The 
stained gels were stored in 7% acetic acid at 4 C. 
Immunoelectrophoresis 
Two procedures were employed in this study. In the first pro­
cedure the buffer and the agar were prepared as described in Gelman 
procedure handbook (1968). High resolution buffer was used for the 
baths, 1.5% (w/v) purified Nobel agar^ in 75% (v/v) distilled water 
^Buchler polyanalyst. Fort Lee, New Jersey. 
2 Roboz Surgical Instrument Co., Inc., Washington, D.C. 
3 Gelman Instrument Company, Ann Arbor, Michigan. 
4 Difco Laboratories, Detroit, Michigan. 
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and 25% (v/v) high resolution buffer was used for the matrix. In 
the second procedure the supporting agar matrix consisted of 0.5% 
(w/v) agarose^ in pH 8.6 barbital buffer, ionic strength 0.05, with 
0.5% (w/v) sodium deoxycholate and 0.01% sodium azide. The baths con­
tained barbital buffer with an ionic strength of 0.1 as described by 
Thirkill and Kenny (1974). 
2 Glass plates 84 x 94 mm were used. Each received 14 ml. of the 
agar or agarose solution. After the agar had solidified 2.5 mm holes 
were punched and troughs were cut. Various concentrations of sodium 
deoxycholate (DOC) extracted antigen or sonicated antigen were added to 
the wells at the rate of 10 microliters per well. Then the plates were 
2 
mounted on the electrophoresis apparatus . Electrophoresis was carried 
out at 15 ma per plate for 1% hours. Then the agar in the trough was 
removed and replaced with 20 microliters of antiserum. The plates were 
incubated in a humidified chamber overnight at 4 C. The precipitation 
lines were examined using a black, background viewer with indirect 
light. 
Two-dimensional immunoelectrophoresis 
The agarose matrix and barbital buffer described above were used. 
Ten microliters of sonicated or DOC extracted antigen were mixed with 
^General Biochemical Laboratory Park, Chargin Falls, Ohio. 
2 LKB Instruments, Rockville, fteryland. 
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3 microliters of a 1 mg/ml solution of bovine albumin^, which was 
used as a tracer. In the enhancement technique a mixture of isolate 
Eg and N sonicates, 5 microliters of each, and 3 microliters of bovine 
serum albumen was used. The mixtures of antigens and tracer were 
added to a well 3.5 mm in diameter in the corner of the plate at 
the cathode side. 
First-phase electrophoresis was carried out at 25 ma per plate 
for 2% hours. After electrophoresis the agarose matrix was removed 
from the plate except for a 2.5 cm strip in the protein migration path. 
The plates were allowed to warm up to room temperature and then a mix­
ture of 8 ml. of agarose solution used for the matrix, 1 ml. of the 
mycoplasmal antiserum plus 0.3 ml. of antibovine albumen was poured over 
the cleared area of the plate. 
The second phase was run at right angles to the first phase for 
6 hours at 25 ma per plate. Precipitation lines were allowed to further 
intensify in a moist chamber at 4 C overnight and examined as described 
above. 
Staining technique Developed plates were immersed in a large 
amount of distilled water overnight to get rid of unprecipitated anti­
serum. They were then dried in a 37 C incubator overnight. The dried 
2 plates were stained in 0.5% (w/v) Coomassie brilliant blue which was 
^Reheis Chemical Company, Chicago, Illinois. 
2 Accurate Chemical and Scientific Corporation, Hicksville, N.Y. 
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dissolved in a solvent consisting of 45% (v/v) ethanol, 45% (v/v) 
distilled water and 10% (v/v) acetic acid. Staining was carried out 
for 30 minutes. Decolorization was performed in solvent alone for 
10 minutes and repeated two or three times until the background became 
faint blue. 
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RESULTS 
The Elimination of M. meleagridis 
from Experimentally Infected Turkey 
Eggs by Treatment with Antibiotics 
When experimentally infected eggs received 1 mg of tylosin or 
gentamicin prior to incubation, the isolation rate of mycoplasma 
from embryos which died during incubation and fran one-day-old tur­
key poults was reduced (Table 2). In trial 1 in which a 1:10 dilu­
tion of a 24 hour culture of isolate 1940 was used, the isolation rate 
dropped from 57.7% in the controls to 6% and 6.6% in gentamicin and 
tylosin treated groups respectively. In trial 2 where the inoculum was 
further diluted 1:100 the isolation rate dropped from 20% in the con­
trols to 3.3% in the tylosin treated group, and to zero in the genta­
micin treated group. No air sac lesions were found in day old poults 
hatched from treated eggs while in the control poults 1 of 6 and 1 of 
7 had airsacculitis in trials 1 and 2 respectively. 
Preincubation Injection of Antibiotics 
into Turkey Eggs Naturally Infected 
with meleagridis 
Inoculation of gentamicin into naturally infected eggs at the 
rate of 1 mg/egg resulted in reduction of egg transmission of M. 
Table 2, Gentamicin and tylosin treatment of turkey eggs infected experimentally with M. meleagridis 
.a 
Trial No. 
and 
(culture 
dilution) Treatment/egg 
No. of 
eggs 
inoculated 
Isolation of M. meleagridis 
dead hatched total 
embryos poults (%) 
No. of poults 
with airsac 
lesions 
0.1 ml culture + 
1 1 mg gentamicin 
0.1 ml culture + 
(1:10) 1 mg tylosin 
0.1 ml culture only 
0.1 ml culture + 
2 1 mg gentamicin 
0.1 ml culture + 
(1:100) 1 mg tylosin 
0,01 ml culture only 
75 
75 
50 
75 
75 
50 
2/21 
1/21 
11/20 
0/22 
1/21 
4/18 
0/12 2/33(6.06) 0/12 
1/9 2/30(6.6) 0/9 
4/6 15/26(57.7 ) 1/6 
0/9 0/31(0) 0/9 
0/10 1/31(3.3) 0/10 
1/7 5/25(20) 1/7 
cn 
^Isolates were examined by immunofluorescent microscopy and 
shown to be M. meleagridis. 
^Two positive cultures of 21 embryos examined. 
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meleaqridis (Table 3). When poults hatched from the treated eggs were 
tested at 3 weeks of age only 7.9% had agglutinins against M. meleagridis 
while 26.4% of the untreated controls were positive. 
When the dose of gentamicin was increased to 1.5, 1.75 and 2 mg 
per egg the transmission of M. meleagridis was eliminated. Poults 
hatched from these eggs were free of M. meleagridis antibodies when 
tested at 3 and at 5 weeks of age (Exp. No. 2,3,4 and 7 - Table 3). 
An exception is Exp. No. 6 where 1.1% of turkey poults hatched from 
eggs treated with 1.5 mg of gentamicin were serologically positive for 
M. meleagridis at 3 weeks and 4.5% were positive when retested at 
5 weeks. None of the eggs in the gentamicin group in Exp. 5 hatched. 
There was a power failure in the hatcher in which they were kept. 
Tylosin inoculated at the rate of 1 mg per egg reduced the rate of 
serologically positive birds from 47.8% to 2.5% in experiment 4 and 
from 69.4% to 24.5% in experiment 5 (Table 3). 
Effect on hatchability 
The hatchability was slightly affected with 1 mg per egg of 
gentamicin; it dropped from 75% in the controls to 70% in treated eggs 
(Exp. 1). At 1.5 mg per egg of gentamicin it was reduced from 60% to 
54% in Exp. 2 and from 74% to 51% and 66% in Exp. 3 and 6 respectively. 
A more severe drop was observed when the dose of gentamicin was in­
creased to 1.75 and 2 mg per egg in Exp. 4 and 7 respectively where 
hatchability dropped from 50% to 36.6% in Exp. 4 and from 76% to 31.3% 
in Exp. 7. 
Table 3. Effect of tylosin and gentamicin treatment of turkey eggs 
naturally infected with M. meleagridis 
Number of Eggs 
Exp 
No. Treatment 
Dose 
mg/egg Inoculated 
Alive at day 
7 15 21 
I gentamicin 1.0 100 100 88 77 control 100 96 93 89 
2 gentamicin 1.5 150 137 132 114 control 50 46 44 35 
q gentamicin 1.5 150 131 125 121 o control 50 44 44 43 
gentamicin 1.75 150 128 124 118 
4 tylosin 1.0 60 47 44 44 
control 50 40 39 39 
c tylosin 1.0 125 114 112 111 V gentamicin 1.5 125 117 116 114 
control 50 44 43 42 
c gentamicin 1.5 150 131 128 120 u control 50 44 41 39 
7 gentamicin 2.0 150 141 136 138 control 50 42 42 40 
^Poults were tested for M. meleagridis antibodies at 3 weeks 
using plate and tube agglutination tests. 
^Serologically positive poults were examined for air sac lesions 
and cultured for Mycoplasma. 
^Isolates were examined by immunofluorescent microscopy and shown 
to be M. meleagridis. 
^Negative poults were retested at 5 weeks and were again negative. 
®NT: not tested. 
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Number of Poults 
Serology Positive* ^.^^b 
hatched plate tube air sac yielding^ 
(%) Agg. Agg. (%) lesions Mycoplasma 
70(70) 
75(75) 
4/52 
13/53 
4/52 (7.9) 
14/53(26.4) 
4/4 
15/53 
1/4 
15/15 
81(54) 
30(60) 
0/67 
7/24 
0/67(0) 
4/24(16.6) 5/7 
d 
7/7 
77(51.1) 
37(74) 
0/53 
3/30 
0/53(0) 
3/30(10) 1/3 
d 
1/3 
55(36.6) 
40(66.6) 
25(50) 
0/42 
0/40 
7/23 
0/42(0) 
1/40(2.5) 
11/23(47.8) 
1/1 
6/11 
d 
0/1 
5/6 
95(76) 
0 
36(72) 
4/53 
NT 
22/36 
13/53(24.5) 
NT 
25/36(69.5) 
12/13 
NT 
15/15 
12/12 
NT® 
10/10 
100(66.6) 
37(74) 
0/9 
20/36 
1/9(1.1) 
20/36(55.5) 
1/1 
20/22 
1/1 
20/25 
47(31.3) 
38(76) 
0/37 
3/36 
0/37(0) 
1/36(2.7) 1/1 
d 
1/1 
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Tylosin used at the rate of 1 mg per egg increased the hatchability 
from 50% in the control eggs to 66.6% in Exp. 4 and from 72% to 76% in 
Exp. 5. 
Comparative Study 
of Different Mycoplasma 
meleagridis Isolates 
Propagation 
All isolates were difficult to adapt to grow in turkey infusion 
broth but they grew in agar plates of the same media and in agar 
slants with broth overlay. They also grew poorly in beef heart in­
fusion broth. In SP4 + arginine medium all isolates grew better and 
to a higher titer as revealed by counts of colony forming units. This 
medium was used for antigen production and for most other studies. 
Morphology 
All isolates were similar in morphology. Microscopic examina­
tion of Giemsa stained sediment revealed single or aggregated small 
coccoid forms. On agar plates they formed small colonies 0.05 to 
0.2 mm in diameter with a central nipple. 
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Haemaggluti nation 
Antigens prepared from isolates Eg and 8M92 caused agglutination 
of different types of erythrocytes (Table 4), All other isolates of 
M. tneleagridis lacked haemagglutinating activity. 
Table 4. Haemagglutination of erythrocytes from different species 
by two M. meleagridis strains and M. gallisepticum 
Source of erythrocytes 
Mycoplasma 
strains Chicken Turkey Rat 
Guinea 
pig Rabbit Sheep 
8M92 
^2 
128® 
1024 
128 
2048 
16 
4096 
512 
2048 
32 
32 
2048 
256 
M. 
gallisepticum 32 64 4096 128 32 4 
^Reciprocal of haemagglutination titer. 
The erythrocytes agglutinated by M. gallisepticum were also 
agglutinated by Eg and 8M92 isolates of M. meleagridis though at 
different titers. The M. gallisepticum antigen used was older and less 
concentrated than that of the M. meleagridis isolates. 
The haemagglutination reaction produced by isolates Eg and 8M92 
was very stable. No elution from erythrocytes occurred during 24 hours 
at room temperature. On the other hand the ability of the isolates to 
initiate haemagglutination of erythrocytes deteriorated when stored at 
room or refrigerator temperature for a few days. However, this ability 
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was preserved by freezing in 50% glycerin. The haemagglutinating 
strains tended to lose their haemagglutinating activity after cul­
tural passage. 
Pathogenicity of isolate 1940 for the turkey embryos 
Inoculation of M. meleagridis, isolate 1940, into the albumen 
of preincubated eggs was more effective in establishing infection 
than dropping it in the air cell. As shown in Table 5 the incidence 
of death, air sac lesions and isolation of mycoplasmas was higher 
in poults hatched from eggs inoculated via the albumen than those 
inoculated via the air cell. 
Table 5. Susceptibility of turkey embryos to isolate 1940 inoculated 
Pathogenicity Study 
by two different routes 
Treatment Route 
No. of 
eggs 
used 
No. 
with 
No. airsac- Mycoplasma 
dead culitis isolation 
0,1 ml of 1940 
24 hr. culture 
albumen 20 12 4 4 
air cell 20 7 1 0 
control 1 0  2 0 0 
The results obtained when two different culture passages of 
isolate 1940 were inoculated at different dilutions into preincubated 
turkey eggs are shown in Table 6. Of 80 eggs inoculated with undiluted 
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thirteenth passage isolate 1940, 25 eggs were allowed to hatch. 
Twenty out of 25 samples of yolk and embryonic tissue from dead embryos 
and infertile eggs yielded mycoplasma. None was recovered from the 
dead embryos and infertile eggs in the control groups. The remaining 
29 embryos were killed prior to hatching. Twenty-five of these 
yielded mycoplasmas while in the controls mycoplasmas were recovered 
from 1 of 8 killed embryos. Poults hatched from infected eggs were 
tested for meleagridis antibodies at 3 weeks of age and 86.6% were 
positive while only 12.5% of the controls were positive. Seven out of 
13 serologically positive poults had air sac lesions and all 7 yielded 
M. meleagridis. 
When isolate 1940 was further passaged the pathogenicity decreased 
as shown in Exp. 2, Table 6. Fifty percent of poults hatched from eggs 
infected with undiluted passage 27 of isolate 1940 were serologically 
positive. When the same culture was diluted to 1:10 and 1:100 the per­
centage of serologically positive poults dropped to 38.4% and 36.4% 
respectively. 
Pathogenicity of isolate 1940 for chicken embryos 
When isolate 1940 was inoculated into preincubated chicken 
embryos at various dilutions it did not result in infection. The ex­
periment was terminated just prior to hatching and all embryos were 
examined, and found to be normal. M. meleagridis was not recovered 
from any of the tissues cultured. 
Table 6. Pathogenicity of different passages of isolate 1940 for 
turkey embryos 
No. of Eggs 
Exp. Passage Dose ^ alive at day 
No. Treatment No. Dilution ml/egg inoculated ~7 T4 21 
1940 13 ud^ 0.1 80 75 65 54 
control 0.1 20 19 19 18 
ud 0.1 30 29 24 20 
1940 27 1:10 0.1 30 26 24 20 
1:100 0.1 30 25 24 18 
control 0.1 10 10 7 6 
^Isolates were examined by immunofluorescent microscopy and shown 
to be M. meleagridis. 
^Serologically positive poults were killed and examined for air 
sac lesions. 
^3 week old poults were tested for M. meleagridis antibodies with 
the tube agglutination test. 
^Eggs were inoculated prior to incubation. 
®ud: undiluted. 
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No. of Poults Rate of mycoplasma isolation^ 
with^ infected eggs pips 
serologically airsac- and killed and poults 
hatched positive (%) culitis dead embryos embryos culls airsac 
17 13/15(86.6) 7/13 20/26 25/29 3/8 7/7 
8 1/8(12.8) 1/8 0/2 1/8 0/2 1/1 
18 9/18(50) 6/18 0/10 - 1/2 2/6 
14 5/13(38.4) 3/13 1/10 - 1/6 1/3 
13 4/11(36.4) 4/11 0/12 - 1/5 1/4 
5 1/5(20) 1/5 0/4 - 0/1 0/1 
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The Pathogenicity of Different 
M. meleagridis Isolates for Turkey Embryos 
The results of pathogenicity studies of isolates 8M92, N and 
529 are shown in Table 7. 
When a 1:100 dilution of isolates 8M92, N and 529 was inoculated 
into the albumen of turkey eggs prior to incubation a serological 
response was demonstracted in 3-week old poults hatched from the infected 
eggs. The percentage of serologically positive poults was 23.5% in 
those inoculated with 8M92, 20% in ones inoculated with N and 23.8% 
in those inoculated with isolate 529. Air sac lesions were found in 
serologically positive poults and M. meleagridis was recovered from 
the lesions. Control poults were negative serologically, had no air 
sac lesions and were culture negative for M. meleagridis. 
Table 7. Pathogenicity of meleagridis isolates for turkey embryos 
No. of Poults 
eggs serologically 
Strains used positive (%) 
Poults with 
air sac 
lesions 
Rate of* 
mycoplasma 
isolation 
from air sac 
8M92 
N 
529 
control 
30 
30 
30 
10 
4/17 (23.5) 
3/15 (20) 
5/21 (23.8) 
0/8 (0) 
4/4 
2/3 
3/5 
0 
4/4 
3/3 
5/5 
0 
^Fluorescent antibody test indicated M. meleagridis. 
^Serologically positive poults were examined for air sac lesions. 
^Tested at 3 weeks for M. meleagridis with the tube agglutination 
test. 
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Another experiment was conducted to check the pathogenicity of 
M. meleagridis for turkey embryos in which developing embryos were 
injected instead of preincubated eggs. 
A preliminary study was done to find which route was more 
effective in producing infection in developing embryos. As shown in 
Table 8 the allantoic sac route was more effective in establishing 
infection in 13 day old embryos. The isolation of meleagridis 
was highest in embryos inoculated via the allantoic sac route, 91.6%, 
while those inoculated via the yolk sac had a rate of 83.3% and those 
inoculated via the air cell had a rate of 33.3%. 
Table 8. The effect of different route of inoculation of 
M. meleaqridis in 13 day old turkey embryo 
No. of eggs Rate of isolation of 
Route injected mycoplasma (%) 
air cell 12 4/12 (33.33) 
yolk sac 12 10/12 (83.33) 
allantoic sac 12 11/12 (91.66) 
The inoculation of different dosages of M. meleagridis strains, 
RYg, Eg, 8M92, 1940 and 1466 into 13 day old embryos via the allantoic 
sac route resulted in variable rates or recovery of the organism 
(Table 9). When the experiment was terminated just prior to hatching 
and the embryos were examined no air sac lesions were found. 
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Table 9. Rate of recovery of mycoplasma from turkey embryos 
infected with M. meleaqridis 
g No. of Rate of isolation of 
Treatment CPU eggs mycoplasma (%) 
^^3 210,000 20 10/12 (83.3) 
^2 78,000 20 1/10 (10) 
8M92 300,000 20 7/10 (70) 
1940 2,400 20 8/10 (80) 
1466 10,000 20 5/10 (50) 
control 30 1/30 (3.3) 
a CPU = colony forming units. 
Though isolate 1940 was inoculated at a low dosage, 2400 colony 
forming units (CPU), the recovery rate of mycoplasma was 80%. Eg was 
inoculated at a high dosage 78000 CPU and the recovery rate was 10%. 
Isolate 1466 was inoculated at a lower dosage (10,000 CPU) than Eg 
but resulted in a 50% recovery rate. RY^ and 8M92 were inoculated at 
a similar dosage and the recovery rate was similar 83% and 70% res­
pectively. 
Heat Inactivation 
The survival rates of different M. meleagridis isolates at 56 C 
was variable as shown in Table 10. Isolates RYg and 529 were able to 
survive up to 30 minutes, N for 25 minutes, 1940, 8M92, 1466 and Eg 
were inactivated after 5 to 10 minutes. 
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Table 10. Survival of different isolates of meleagridis at 56°C 
Strain 
Time of survival 
56°C in minutes 
at 
1940 10 (10)* 
8M92 10 (5) 
RY3 30 (30) 
1466 >5 (5) 
^2 10 (5) 
N 25 (20) 
529 30 (30) 
^Replicate in parentheses. 
Antibiotic Sensitivity 
When tylosin phosphate and gentamicin sulfate were incorporated 
into broth medium at various dilutions all isolates failed to grow 
in tubes containing more than 0.001 ug/ml of tylosin or 0.1 ug/ml of 
gentamicin. The same results were obtained when the experiment was 
repeated. 
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The Effect of Storage Temperatures 
on M. meleagridis Cultures 
The effect of storage at various temperatures on cultures of 
isolate N and RY^ was studied. These results are shown in Fig. 1. 
The approximate viable count was determined by the highest dilution 
showing a color change or turbidity in a series of 10-fold dilutions 
of the organism in broth media. 
Both cultures were inactivated after one week in the incubator. 
In cultures stored at room temperature the viable count dropped from 
the initial count of 10^^ to 10^ in case of RYg and to 10^ for N after 
two weeks, but both were inactivated at three weeks. In cultures 
stored in the cold room (25°C) the counts dropped gradually and at 
12 weeks both were inactive. There appeared to be no obvious difference 
between viability of cultures stored at -25°C and -50°C since both 
dropped one or two logs the first 4 weeks and viability continued 
constant up to 18 weeks, the longest period tested. 
Serological Studies 
Plate agglutination test 
Antigens prepared from all isolates were agglutinated to the same 
degree by rabbit antisera against Eg (R262) and N (R261). The agglu-
tinuation reaction between antigens N and 8M92 with serum R262 was. slower 
Figure 1. Effect of different temperatures on the viability 
of isolates RY^ and N. 
- - - - RYj isolate. 
N isolate. 
A Cultures stored in the incubator, 
B Cultures stored at room temperature. 
C Cultures stored at 4°C. 
D Cultures stored at -25°. 
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and the particles formed were finer. Antisera prepared in turkeys 
against Eg (T466) and N (T4640) agglutinated all the isolates (Table 
11). 
Table 11. Result of plate gllutination test 
Rabbit sera Turkey Sera 
Strains R262* R261^ NRS^ T466* T4640® NTS^ 
^2 
8M92 
529 
1940 
1466 
RY3 
N ++ 
e 
f 
*R262, T466 anti 5% 
bR261, T4640 anti N 
^NRS = normal rabbit serum. 
^NTS = normal turkey serum. 
®+++ fast agglutination reaction with large clumps, 
moderate. 
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Tube agglutination test 
All antisera prepared against Eg and N isolates in rabbits and 
turkeys were tested against strain 886 antigen. The test employed 
allowed the serum to be tested up to a dilution of 1:50. All sera 
tested at this dilution resulted in a good agglutination reaction when 
tubes were incubated overnight at 37°C. 
Metabolic inhibition test 
The metabolic activity of all isolates was inhibited by rabbit 
antisera against N (R260) and that against Eg (R262). The inhibition 
titers were similar with only a one or tvro fold difference (Table 12). 
R262 resulted in the highest inhibition titer with the homologous 
isolate Eg and the lowest titer with isolate 1940. R260 gave the 
highest inhibition titer with the homologous isolate N and also in­
hibited isolates Eg and 529 to the same titer. 
Rabbit hyperimmune sera used alone failed to give any inhibition 
so 10% guinea pig serum had to be added. None of the isolates was 
inhibited with normal rabbit serum. 
Turkey hyperimmune sera and field sera gave no inhibition when 
used alone or in combination with 10% guinea pig serum or 1% normal 
rabbit serum. 
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Table 12. Metabolic 
against M. 
inhibition test with rabbit antisera 
meleagridis isolates 
Sera 
Strains R260* R262^ NRSC 
^2 4096^ 8192 <8 
N 4096 4096 <8 
8M92 2048 2048 <8 
529 4096 • 2048 <8 
CO 2048 2048 <8 
1940 2048 1024 <8 
1466 2048 4069 <8 
®R260 = rabbit hyperimmune sera against isolate N. 
^R262 = rabbit hyperimmune sera against isolate Eg. 
^NRS = normal rabbit serum. 
Metabolic inhibition titers are presented as the reciprocal of 
the highest dilution resulting in color change when the control changed 
(approximately 0.5 pH units). 
Growth inhibition test 
The results presented in Table 13 were the average width of zones 
of inhibition obtained in two replicate tests. Antisera R260 and R259 
resulted in varying degrees of inhibition of growth of M. meleagridis 
isolates. The widest zone of inhibition was produced when the antisera 
were tested with isolate 1466 (5 to 4 mm) followed by the homologous 
isolates N and Eg (4 to 3 mm). The antisera inhibited isolates 8M92, 
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529 and RY^ to a similar extent producing similar zones of inhibi­
tion (3 to 2.5 mm). Isolate 1940 was not inhibited by either antiserum. 
No inhibition could be demonstrated by normal rabbit serum or by turkey 
hyperimmune sera. 
Table 13. Growth inhibition of M. meleagridis isolates by 
hyperimmune rabbit serum 
Strains R260* 
Sera 
R259b NRS^ 
8M92 2.5^ 2.5 -
529 3 2.5 -
RY3 2.5 2.5 -
1466 5 4 -
^2 4 3 -
N 4 3 -
1940 - - -
*R260 = hyperimmune serum against N. 
^R259 = hyperimmune serum against Eg. 
^NRS = normal rabbit serum. 
^Average of zones of inhibition in mm. 
Growth precipitation test 
The number of precipitation bands produced by meleagridis 
isolates tested with absorbed antisera against isolate N (R260) and 
Eg (R259) are shown in Table 14. 
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All isolates shared two precipitation bands (Fig. 2 and 3). 
One of the bands was very strong and appeared even when the serum 
was diluted to 1:8. The other band was faint and disappeared when 
serum was diluted 1:4. Extra bands were shown by some isolates, the 
number and intensity of these bands was shown by isolate 1466 which 
had as many as 6 bands. 
The precipitation bands were formed within 48 to 72 hours in­
cubation and persisted for more than two weeks at 37°C. 
Sodium deoxycholate extracts of isolate N and Eg produced a 
greater number of precipitation bands than the viable culture. Both 
extracts and cultures of the two isolates shared one line which joined 
(Fig. 4). 
No precipitation lines were formed by M. meleagridis isolates 
when tested with antiserum against synoviae or gallisepticum. 
Also no precipitation lines were formed by synoviae or M. gallisep­
ticum cultures when tested with antiserum against M. meleagridis (Fig. 3). 
Hyperimmune rabbit serum formed one precipitation line when tested 
with SP4 + arginine medium but this line disappeared when the serum was 
absorbed with lyophilized medium. 
Figure 2. 4-day-old growth precipitation plate with 24 hour cultures 
of M. meleaqridis isolates N; 8M92 (92); 1466 (14); 
RYg (RY) and Eg. Medium control is (M). Central well (1) 
contains absorbed R259 antiserum against isolate Eg. 
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Figure 3. 4-day-old growth precipitation plate with 24 hour 
cultures of M. meleagridis isolates Eg; N; 1466 (66); 
1940 (40) and M. gallisepticum (M6) and synoviae (MS). 
Central well contains absorbed R259 antiserum against 
isolate Eg. 
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Figure 4. 4-day-old growth precipitation plate with 24 hour 
cultures of isolates N and Eg and sodium deoxycholate 
extracts of isolates N (DOCN) and Eg (DOCEg). Central 
well contains absorbed R259 antiserum against isolate Eg. 
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Table 14. Growth precipitation of M, nieleagridis isolates by 
hyperimmune rabbit sera 
Sera 
Strains R260* R259^ NRS^ 
8M92 2 (2)d 3 (2) 
^2 3 (3) 4 (4) 
RY3 2 (2) 3 (3) 
N 3 (4) 4 (4) 
529 3 (3) 3 (3) 
1466 4 (5) 5 (6) 
1940 2 (1) 2 (2) 
M. synoviae - -
M. gallisepticum - -
®R260 = hyperimmune rabbit serum against isolate N (absorbed with 
lyophilized media). 
^b259 = hyperimmune rabbit serum against isolate Eg (absorbed with 
lyophilized media). 
^NRS = normal rabbit serum. 
^Number of precipitation bands. Replicates in parentheses. 
Haemaqglutination inhibition test 
Haemagglutinating activity of isolate Eg was slightly inhibited 
by homologous (R252 and R259) and heterologous (R261) antisera prepared 
in rabbits (Table 15). No inhibition was caused by antisera prepared 
in turkeys. None of these sera inhibited the haemagglutinating activity 
of isolate 8M92. 
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Several serum samples obtained from naturally infected turkeys, 
with strong agglutinating activity were tested for haemagglutinating 
antibody. Inhibition titers of these sera varied from no inhibition 
to titers of 1:160 and 1:320. 
Table 15. Haemagglutination inhibition by rabbit and turkey 
hyperimmune sera 
Rabbit sera Turkey sera 
Strain R261* R262^ NRS^ T4657® T4662^ NTS^ 
Eg 80® 80 80 -
8M92 ^ — — — — — — 
®R261, T4657 = antisera against isolate N. 
'^R262, R259 and T4662 = antisera against isolate Eg. 
Srs = normal rabbit serum. 
^NTS = normal rabbit serum. 
^Haemagglutination inhibition titer presented as the reciprocal 
of the highest dilution resulting in complete inhibition x haemagglu­
tinating units used. 
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Results of Electrophoretic Studies 
Polyacrylamide gel electrophoresis 
Polyacrylamide gel electrophoresis of cell proteins of 7 
M. meleagridis isolates revealed identical patterns (Figs. 5 and 6). 
The number and pattern of lines were the same in different trials. 
The intensity of the lines sometimes was slightly different from one 
run to another. In Fig. 5, though all were done in the same batch 
isolate 1940 shows two lines of lighter intensity in the upper third 
of the gel than those of other isolates. 
The pattern of M. meleaqridis isolates was different from those 
shown by gallisepticum and M. synoviae included in this study 
(Fig. 6). 
Immunoelectrophores i s 
Immunoelectrophoretic analysis of sodium deoxycholate (DOC) 
extracts of isolates N and Eg revealed many antigenic components. 
The majority of the antigens tended to move towards the cathode when 
Nobel agar was used in the matrix (Fig. 7). The direction of migration 
was towards the anode when agarose was used in the matrix (Fig. 8). 
Both extracts produced larger numbers of precipitation lines with anti­
serum against Eg (R259) than with antiserum against N (R260). Eight 
to 9 antigenic components were identified in isolate N and 6 to 7 in 
isolate Eg. The result was the same even when the concentration of the 
DOC extract of isolate Eg was increased. No precipitation lines were 
produced when both DOC extracts were tested with normal rabbit serum. 
When sonicates of whole isolate Eg and N were tested at least 9 
Figure 5. Polyacrylamide gel electrophoretic patterns of cell 
proteins from M. meleagridis isolates. Isolates 
represented are: RYg (RY); 529 (29); Eg and 
8M92 (92). 
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Figure 6. Polyacrylamide gel electrophoretic patterns of 
cell proteins from meleagridis isolates N; Eg; 
1940 (40) and 1466 (66); M. gallisepticum (MG) and 
M. synoviae (MS). 
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Figure 7. Immunoelectrophoretic separation of meleagridis 
extract in Nobel agar gel. Upper and lower wells contain 
5 ul. of DOC extract of isolate Eg diluted 1:10. The 
well in the middle contains 5 ul. of DOC extract of 
isolate N diluted 1:10. The upper trough contains 20 ul. 
of antiserum against isolate Eg (R259), the lower trough 
has 20 ul of antiserum against isolate N (R260). The 
anode is at the right of the figure. The arrow indicates 
the direction of the migration of most of the antigens. 
Electrophoresis was done at 15 ma per plate for 1% hours. 
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Figure 8. Immunoelectrophoretic separation of M. meleagridis 
antigen in agarose gel. Upper and lower wells contain 
5 ul of (DOC) extract of isolate N diluted 1:10. The 
well in the middle contains 5 ul. of (DOC) extract of 
isolate Eg diluted 1:10. Upper trough contains 20 ul. 
of antiserum against isolate Eg (R259), lower trough 
has 20 ul. of antiserum against isolate N (R260). The 
anode is to the right of the figure. The arrow indicates 
the direction of the migration of most of the antigens. 
Electrophoresis was done at 15 ma per plate for 1% hours. 
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precipitation lines were produced, though some of the lines produced 
by isolate Eg were very faint (Fig. 9). Also antiserum against Eg 
(R259) produced stronger and larger numbers of precipitation lines 
than antiserum against N (R260). No precipitation lines were produced 
when either sonicate was tested against normal rabbit serum. 
Antigenic profiles obtained by two-dimensional immunoelectrophoresis 
Sonicates of isolates N and Eg were tested against their homologous 
and heterologous antisera (R260 and R259). At least 10 to 13 peaks were 
formed, most of the peaks were symetrical. 
When antiserum to isolate N (R260) was used the profile of the 
homologous isolate N was similar to that of the heterologous antigen 
Eg but yet they were distinguishable (Figs. 10 and 11). Ten peaks were 
identified and compared in both profiles. All peaks were similar in 
size and location except for peak 6 which is taller and fainter in the 
isolate Eg profile. Peaks 5, 9 and 10 were faint ghost peaks, in both 
profiles, which were formed by small amount of antibody. The double 
peaks designated 3 and 4 in both profiles indicated that the fractions 
are electrophoretically heterogenous but immunologically identical. 
The profiles produced by antiserum to isolate Eg (R259) with the 
homologous and the heterologous isolate N were different from those 
produced by antiserum to N (R260) Fig. 12 and 13. The profiles pro­
duced by antiserum R259 had more intense and easily identifiable peaks 
so it was used for determination of electrophoretic mobility and for en­
hancement technique. At least 11 common peaks were identified in the 
homologous and the heterologous antigen profiles. Bovine albumin which 
was used as a reference was assigned a value of 1.0 for electrophoretic 
Figure 9. Immunoelectrophoretic separation of meleagridis 
antigen in agarose gel. Upper and lower wells contain 
5 ul. of isolate N sonicate. The central well contains 
5 ul. of isolate Eg sonicate. Upper trough contains 
20 ul. of antiserum against isolate Eg (R259), lower 
trough contains 20 ul. of antiserum against isolate N 
(R260). The anode is at the right of the figure. The 
arrow indicates the direction of the migration of most 
of the antigens. Electrophoresis was done at 25 ma 
per plate for 2 hours. 
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Figure 10. Two-dimensional immunoelectrophoretic profile of 
meleagridis isolate N. Five microliters of isolate 
N sonicate were electrophoresed in the first phase 
(anode to the left of the figure) and then electrophoresed 
against 0.7 ml of isolate N antiserum (R260) in the 
second phase (anode at the top of the figure). The 
peak marked ba is the reference peak of bovine albumin 
against bovine albumin antiserum. 
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Figure 11. Two-dimensional immunoelectrophoretic profile of 
meleagridis isolate E^. Five microliters of 
isolate Eg sonicate were electrophoresed in the first 
phase (anode to the left of the figure) and then 
electrophresed against 0.7 ml of isolate N antiserum 
(R260) in the second phase (anode at the top of the 
figure). The peak marked ba is the reference peak of 
bovine albumin against bovine albumin antisera. 
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mobility and the relative migration rate of each fraction versus 
bovine albumin was calculated. 
The relative mobilities of the fractions in the different profiles 
were similar; it ranged from 0.9 presented by peak 11 in Fig. 12 to 
0.22 presented by peak 2 in Fig. 13. However, the relative mobility 
presented by the fractions in isolate N profile was slightly higher than 
in isolate Eg profile. Peak 11 in both profiles shows a highly in­
tense reaction indicating the presence of a large amount of antibody 
to the fraction and may be a high concentration of antigen. This peak 
is larger and more intense in the isolate Eg profile. Isolate N profile 
has two ghost peaks which were not identified in isolate Eg profile. 
The enhancement of isolate Eg by the addition of isolate N to 
the first dimensional electrophoretic separation of the antigen resulted 
in an increase in the size of the peaks (Fig. 14). This indicates that 
the antigenic components forming these peaks are common. Some peaks, 
3, 4, 5, 6, and 11, were skewed towards the anode indicating that a 
serologically related component of faster electrophoretic mobility is 
being added to these peaks by isolate N antigen. 
Figure 12. Two-dimensional immunoelectrophoretic profile of 
meleaqridis isolate N. Five microliters of isolate N 
sonicate were electrophoresed in the first phase (anode 
to the left of the figure) and then electrophoresed 
against 0.8 ml of isolate Eg antiserum (R259) in the 
second phase (anode to the top of the figure). The 
scale at the bottom of the figure indicates the relative 
electrophoretic mobilities of the peaks: 1.0 equals the 
mobility of bovine albumin which peak is identified by 
the vertical bar at the left of the figure. The figures 
between brackets indicate the relative mobility of each 
peak. 
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Figure 13. Two-dimensional immunoelectrophoretic profile of 
M. meleagridis isolate Eg. Five microliters of isolate 
Eg sonicate were electrophoresed in the first phase 
(anode to the left of the figure) and then electro-
phoresed against 0.8 ml of isolate Eg antiserum (R259) 
in the second phase (anode at the top of the figure). 
The scale at the bottom of the figure indicates the 
relative electrophoretic mobilities of the peaks: 1.0 
equals the mobility of bovine albumin which peak is 
identified by the vertical bar at the left of the 
figure. The figures between brackets indicate the 
relative mobility of each peak. 
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Figure 14. Enhancement of the antigenic profile of hi. meleaqridis 
isolate Eg by the addition of isolate N. Five micro­
liters of sonicate from each isolate were mixed and 
electrophoresed in the first phase (anode the left of 
the figure) and then electrophoresed against 0.8 ml 
of isolate Eg antiserum (R259) in the second phase 
(anode at the top of the figure). The reference peak 
of bovine albumin is indicated by the vertical bar at 
the left of the figure. 
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DISCUSSION 
Prevention of Egg Transmission of 
meTeagridis by Antibiotic Treatment 
The results presented indicate that injecting 1 mg. of tylosin 
or gentamicin prior to incubation into naturally or experimentally 
infected turkey eggs reduces egg transmission of M. meleagridis. 
This confirms the work by Hofstad (1974) who reported only on tylosin 
and the work of McCapes et al. (1975) who found gentamicin the most 
effective antibiotic for elimination of M. meleagridis. However, the 
latter workers based their results on reduction of the incidence of 
air sac lesions and mycoplasma isolation. While the present study was 
based primarily on results obtained when sera from poults hatched from 
the treated eggs were tested at 3 and 5 weeks of age to detect egg trans­
mission. In this study a serologically negative status was maintained 
up to 5 weeks of age by poults hatched from eggs treated with 1.5 mg. 
per egg or higher doses of gentamicin; doses of tylosin higher than 1 
mg. per egg were not tested in this study. Hofstad (1974) found that 
poults hatched from treated eggs which were serologically negative at 3 
and 5 weeks of age, maintained this status up to the age of 16 weeks. 
As has been noticed by Hofstad (1974), the rate of reduction or 
elimination of infection by antibiotics depends on the incidence of egg 
transmission in control nontreated eggs. This was also noticed in this 
study with both tylosin and gentamicin in treatment of expiermentally 
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and naturally infected eggs. For example in Exp. 3 where the incidence 
of transmission, indicated by percentage of serologically positive 
poults at 3 weeks of age in the controls, was 10%, 1.5 mg of genta-
micin resulted in total elimination of egg transmission. However, the 
same dose of gentamicin failed to produce total elimination of egg trans­
mission when used in Exp. 6 where the incidence of transmission was 
higher ie. 55% in the controls. Since eggs used in this study were 
purchased at different times from a commercial hatchery without regard 
to the flock source, the incidence of egg transmission between experi­
ments varied widely. For programs designed to eliminate egg trans­
mission the eggs should be collected from flocks during the early or 
late stages of the laying season as it is known that the incidence of 
infection is low during these periods and highest during the middle 
of the laying season (Bigland et al., 1964; Kumar and Pomeroy, 1969). 
In this study the toxicity of antibiotics used was not investigated 
but it was noticed that 1 mg/egg of tylosin resulted in improvement 
of hatchability which was in agreement with others (Kumar et al., 1966; 
Mohamed and Bohl, 1969). Gentamicin, especially in high doses 1.75 or 
2 mg/egg resulted in poor hatchability. Tylosin was reported to be 
fairly toxic to turkey embryos (Hofstad, 1974). However, in his study 
tylosin was injected into the air cell, in contrast to the work by 
McCapes et al. (1975) who injected the drug into the lower albumen 
portion and found eggs to tolerate up to 2 mg per egg. 
The uniqueness of the route of transmission of M. meleaqridis 
makes it almost impossible to eliminate this infection except in small 
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experimental flocks (Kumar et al., 1966; Mohamed and Bohl, 1969). 
The procedure commonly used is preincubation treatment of eggs with 
antibiotics by temperature or pressure-differential methods of 
dipping in tylosin or gentamicin solutions. Recently a combination of 
tylosin and gentamicin has been used for dipping followed by parentral 
treatment of hatched poults with gentamicin and oral treatment with 
tylosin (Kumar et al., 1974). A major disadvantage of the dipping 
procedure is the variability in the ability of eggs to absorb a uniform 
and effective amount of drug (Larsen, 1974). This limits the value of 
the dipping procedure for eradication; also it might result in the 
development of drug resistant strains. Indeed, recently a tylosin-
resistant strain of M. meleagridis has been reported (McCapes et al. 
1975). This would suggest that injecting a specific and effective dose 
should be recommended. According to the present study gentamicin 
would be the drug of choice especially in programs designed to establish 
primary turkey breeding flocks free of M. meleagridis. For the eradi­
cation of M. meleagridis infection, antibiotic treatment of eggs 
followed by serological and cultural monitoring of the flocks has been 
suggested (Mohamed and Bohl, 1969; Yamamoto and Ortmayer, 1970). 
Comparative Study of M. meleagridis Isolates 
One of the major obstacles in M. meleagridis research has been 
the difficulty in adapting cultures to grow in broth medium (Yamamoto 
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and Adler, 1958b; Yoder and Hofstad, 1964; Yamamoto et al., 1965a). 
In the present study most isolates could not be maintained in broth, 
and they lost their viability after two to three such passages. 
Accordingly, cultures were passaged several times on agar slants over-
layed with broth before they were adapted to the broth medium. How­
ever, SP4 + arginine medium was found more satisfactory than the other 
broth media for the propagation of the different isolates. This could 
be due to the fact that SP4 medium is more enriched than the other media. 
It has a different source of yeast and it also contains arginine which 
is metabolized by M. meleagridis. 
Most of the morphological studies of M. meleagridis have been done 
in comparison with M. gallisepticum (Yoder and Hofstad, 1964; Yamamoto 
et al., 1965a). In the present study when seven isolates of melea­
gridis were compared morphologically they were indistinguishable. The 
colony morphology is similar to that described by others (Yoder and 
Hofstad, 1964; Yamamoto et al., 1965a). However, variability in colony 
size within the same isolate has been noticed during the present study. 
Strains of M. meleagridis vary in their hemagglutinating activity 
as has been found also for gallisepticum (Yoder and Hofstad, 1964 and 
Dierks et al., 1967). Although Rhoades (1969b) found his Eg strain to 
have good hemagglutinating activity, Thornton et al. (1975) failed to 
detect hemagglutination using Rhoades Eg strain. In the present study 
it was also found that Eg failed to cause hemagglutination. It appears 
that the media used plays an important role in the stability of the 
hemagglutinating property of meleagridis. When Rhoades supplied his 
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culture and media for the present study, the hemagglutinating activity 
of Eg was readily demonstrated. However, early passages of the isolate 
in SP4 + arginine medium were found to maintain their hemagglutinating 
activity. 
Accurate studies on pathogenicity can be made only with poults 
free of all mycoplasmas. In this study such poults were not available 
but an uninoculated group was used as a control. Isolate 1940 which 
was isolated during this study was highly pathogenic as indicated by 
the high death rate in turkey embryos and the severity of airsacculitis 
and serological response in turkey poults hatched from infected eggs. 
It was noticed that this isolate tended to lose its virulence after a 
few passages in artificial media. This is in agreement with several 
workers where mycoplasma of various animal origins have been shown to 
lose virulence for the host when maintained on artificial medium (Howell 
and Jones, 1963; Couch et al., 1964; Adler and Sadler, 1965). However, 
Ghazikhanian and Yamamoto (1974b) reported one meleagridis strain re­
tained its pathogenicity for embryos after 43 passages in artificial 
media and they suggested that loss or gain in virulence by in vitro man­
ipulation was not predictable and evidently depended on inherent strain 
differences. In the present study, when isolates 8M92, N and 529 were 
inoculated into preincubated eggs there was a strong correlation between 
serologically positive status, airsacculitis and mycoplasma isolation. 
In a later study when higher passages of the same isolates were inoculated 
into 13-day old embryos no airsacculitis was observed but the organism 
was recovered. This could be due to the older age of the embryos rather 
than decrease in virulence of the organism. However, Yamamoto and 
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Bigland (1966) found no significant difference in the incidence of 
air sac lesions in poults from embryos inoculated at 7 or 14 days of 
incubation. 
The isolates were found to vary in their rate of growth in turkey 
embryos ; isolate 1940 grew better than other strains. This is in agree­
ment with Ghazikhanian and Yamamoto (1974a) who found that strains which 
were able to invade and persist in various embryonic tissues were able 
to produce a higher rate of airsacculitis and induce higher levels of 
serum antibody. 
Data in the present study does not permit comparison of the patho­
genicity of the different isolates, since they had not been passaged 
a uniform number of times in artificial media. However, it is evident 
that isolate 1940 was the most pathogenic. This could be due to the 
fact that it was the most recently isolated and was passaged the least 
number of times in artificial media. This isolate failed to grow in 
chicken embryos. Other workers have reported the propagation of 
meleagridis in chicken embryos with the induction of air sac lesions 
(Yamamoto and Ortmayer, 1966). However, the strain they used had been 
adapted to grow in chicken embryos. 
The in vitro sensitivity of M. meleagridis to various antibiotics 
has been reported (Ogra, 1972), but the difference between strains was -
not studied. In the present work it was found that the 7 isolates were 
similar in their sensitivity to tylosin and gentamicin although all strains 
were more sensitive to tylosin by a factor of two logs. In view of this, 
it is interesting that gentamicin was found to be more effective for 
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elimination of the organism from the egg following preincubation in­
oculation of eggs. 
In the present study strains of meleaqridis were found to be 
variable in their heat sensitivity. Isolates RYg, 529 and N were able 
to survive 56°C for 30 minutes while the other isolates were inactivated 
after 19 minutes at this temperature. This will limit the use of pre­
incubation heat treatment of hatching eggs, a procedure which has been 
successful for killing of M. gallisepticum and M. synoviae in chicken 
eggs (Yoder, 1970). 
In the serological studies the agglutination test revealed no 
differences between the different isolates. This is in agreement with 
Rhoades (1969b) who reported that the tube agglutination test failed to 
differentiate between haemagglutinating and nonhaemagglutinating strains 
of M. meleaqridis. As has been reported by others (Mohamed and Bohl, 
1967; Yamamoto and Ortmayer, 1967), the tube test was found more sensi­
tive than the plate test. However, sometimes the results obtained by 
means of the two tests are not in complete agreement. 
A high degree of correlation was found between the growth inhibi­
tion (GI) and growth precipitation (6P) tests, suggesting equal effi­
ciency of these techniques for serological differentiation. Metabolic 
inhibition was found less efficient in differentiation between isolates. 
There are some substantial differences in the results given by individual 
tests. For example there was inhibition of metabolism of isolate 1940 
by the heterologous antiserum R26Q up to a titer of 2048 whereas no inhibi­
tion of growth was detected in the GI test. Similar results were reported 
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by other workers (Purcell et al., 1969; Gois et al., 1974). It was 
also found that the specificity of metabolic inhibition increased by 
omitting guinea pig serum from the test (Gois et al., 1974). 
In this study inhibition activity of hyperimmune rabbit serum 
was enhanced by the addition of 10% unheated guinea pig serum which is 
in agreement with other workers (Taylor-Robinson et al., 1966). The un­
heated guinea pig serum also stabilized the MI titer so that it did not 
decrease on continued incubation of the test. However, Mohamed et al. 
(1970) reported the inhibitory effect of a heat-labile component in guinea 
pig serum to M. meleagridis strains; none of the isolates employed in this 
study were inhibited by unheated guinea pig serum. The effect of un­
heated guinea pig serum might vary within strains of M. meleagridis as 
it did with strains of M. gallisepticum (Taylor-Robinson and Berry, 1969). 
In contrast, to the observation of Jordan (1973), who found no pre­
cipitation with M. meleagridis in the GP test, the isolates employed in 
this study invariably gave marked precipitation lines. This suggested 
that different strains of this species may differ in their content of 
precipitating antigen. Similar variations were found between strains of 
M. hyorhinis by Gois and Kuska (1975) who suggested that the degrees of 
capability of the membrane surface releasing soluble antigen may be 
characteristic not only of individual mycoplasma species (Lemcke, 1973) 
but also of individual strains of the same species. 
Marked differences in serological reactivity were detected when 
M. meleagridis isolates were compared by means of GI and GP tests. 
When tested in the GI test isolate 1940 was not inhibited and in the 
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GP test, a minimum nuber of precipitation lines developed. Conversely, 
when isolate 1466 was tested with the same antisera the largest number 
of precipitation lines (6) were observed and the widest zone (5 mm) of 
inhibition developed. Similarly Dinter and Taylor-Robinson (1969) re­
ported that the largest number of precipitation rings and the most in­
tense ones occurred with antiserum-sensitive strains of M. hyorhinis. 
They theorized that specific antibodies attached to the mycoplasma 
membrane damage it and cause leakage of specific antigen into the agar, 
and that the membranes of sensitive organisms are more susceptible to 
damage by antibodies in this way than those of insensitive strains. 
The growth precipitation results showed a variability in the number 
and intensity of the precipitation lines presented by the individual 
isolates with the same antiserum in different trials. This could be 
due to the fact that the organisms may grow at a different rate each 
time and hence the concentration of the antigen is not constant. Another 
possibility is that the amount of the media in the plates may not be 
constant, it has been reported that the depth of the media may affect 
the number and intensity of the precipitation lines (Jordan, 1973). 
In other studies the viability of the culture was reported as 
having an influence on the number of precipitation lines in the GP test 
(Krogsgaard-Jensen, 1972). However, in this study nonviable sodium 
deoxycholate (DOC) extracted antigens gave stronger and larger numbers 
of precipitation lines than the homologous viable cultures. This could 
be due to simple diffusion in that the DOC extracted antigen is more 
soluble than the viable culture and diffused faster and reached a higher 
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concentration in the agar. A line of identity was formed which could 
be due to a soluble fraction produced by the viable culture - an anti­
gen identical to one of the components in the DOC extract. 
Though hyperimmune turkey serum gave good agglutination results 
it failed to inhibit growth and metabolic activity. Similar findsings 
have been reported by Ogra and Bohl (1970). They found that the growth-
inhibiting antibody response against M. meleagridis was appreciable in 
the rabbit but not in the turkey. Taylor-Robinson and Berry (1969) re­
ported that metabolic inhibiting antibody titers in turkey antisera were 
at least 14-fold lower than those in corresponding rabbit antisera. How­
ever, the MI and GI tests were found to be of value for identification of 
meleagridis and for detection of antibodies in naturally and experi­
mentally infected turkeys (Ogra, 1972). The choice of the mycoplasma 
strain to be used for detecting MI antibody in bird sera was found to be 
of fundamental importance since not all strains were of use for detec­
tion of antibody (Taylor-Robinson and Berry, 1969). 
In this study hyperimmune rabbit sera resulted in strong homologous 
and heterologous reactions with the GI, MI and GP tests, however these 
sera reacted weakly in the HI test. Haemagglutinating activity of 
isolate Eg was inhibited by homologous antiserum at a titer of 1:80 while 
the same serum resulted in a titer of 8192 in MI test. Also isolate 
8M92 was not inhibited by antisera R262 in the HI test, but with the 
same serum it was inhibited to a titer of 2048 in MI test. This agrees 
with Manchee and Taylor-Robinson (1969) who reported that hyperimmune 
rabbit serum against M. gallisepticum resulted in a higher titer with 
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the MI test and a very low titer with the HI test. However, it was 
reported that in experimentally infected turkeys the highest titer of 
HI antibody, 1:320, was accomplished at 10-12 weeks after exposure. 
(Rhoades, 1969b). Variable results were obtained with antisera from 
naturally infected turkeys checked during this study. Some resulted 
in HI titers as high as 1:320, while others were negative though they 
were all positive in the plate and tube agglutination tests. This is 
in contrast to Thornton et al. (1975) who found the HI test to be sensi­
tive and specific and they used it successfully in M. meleaqridis 
eradication programs. 
The serological studies revealed no difference between the hae-
magglutinating and nonhaemagglutinating strains. However, according to 
the GI and GP tests the seven M. meleagridis isolates were placed into 
three different groups: antiserum sensitive (isolate 1466), and less 
sensitive (isolates N, RYg, 8M92, Eg and 529) and insensitive (isolate 
1940). The concept of sensitivity in this study is empirical. Those 
strains which were inhibited to the greatest degree in GI and resulted 
in a larger number of precipitation lines with GP were regarded as 
sensitive. Those inhibited to a lesser degree and resulted in fewer 
precipitation lines were considered less sensitive. Those strains not 
inhibited in GI tests and having the minimum number of precipitation 
lines were considered insensitive. 
Though considerable biological and serological variation among 
meleagridis isolates occurred it was not possible to detect an 
appreciable difference by polyacrylamide gel electrophoresis (PGE). 
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This agrees with other workers who studied M. hyorhinis which differs 
serologically but reveals no difference in PGE (Gois et al,, 1974). 
M. qallisepticum strains differed in pathogenicity but had revealed 
identical patterns in PGE (Rhoades et al., 1973). Minor differences 
were found only in relative intensities of the bands occasionally in 
the early middle part of the pattern. Such differences had been reported 
within 4 strains of M. qallisepticum and were suggested to be due to 
incomplete removal of growth medium serum protein (Zola et al., 1970). 
Isolate 1940 which presented less intense bands in the upper middle 
part of the gel is also the most virulent isolate according to the patho­
genicity studies. This is in agreement with Stone and Razin (1973) who 
reported lower concentration of some components, as revealed by densi­
tometer studies of the PGE pattern, in virulent strains than avirulent 
strain of M. mycoides var mycoides. 
Since the haemagglutination activity of mycoplasmas has been asso­
ciated with the protein component in the membrane (Manchee and Taylor-
Robinson, 1969), theoretically it should result in an additional band 
in PGE pattern. However, in this study no difference was noticed between 
the PGE patterns of haemagglutinating and nonhaemagglutinating strains 
of M. meleaqridis. Likewise other workers have reported no difference 
in PGE patterns of M. neurolyticum strains which differed in their ability 
to produce neurotoxin protein (Razin, 1968). It has been suggested that 
even when the best separation occurred in polyacrylamide gels, some 
cell proteins migrate together as one band (Razin, 1968). Hence, small 
variations in the protein composition of the cell, which might be easily 
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detected serologically, enzymatically, biologically or in pathogenicity 
tests might not be revealed in electrophoretic patterns. This limita­
tion of the electrophoretic method may be regarded as an advantage in 
species identification, because being less sensitive it prevents the 
formation of highly complex patterns that are difficult to compare 
and which might accentuate minor genetic differences between strains. 
Immunoelectrophoresis (IE) was employed for further study of a 
haemagglutinating isolate (Eg) and a nonhaemagglutinating isolate (N), 
Most antigens from both isolates tended to move towards the cathode a 
result caused or enhanced by electroendosmotic flow (Thirkill and Kenny, 
1974). This was corrected by the use of agarose in the matrix in which 
electroendosmotic flow is low (Laurel1, 1965). 
Simple immunoelectrophoresis revealed no difference between the 
two isolates while by two-dimentional-IE they revealed distinguishable 
antigenic profiles. The two-dimentional-IE detected substantially more 
antigenic components (10-13) than were evident by simple IE; this is 
similar to findings by other workers (Thirkill and Kenny, 1974). The 
nature of the antigens resolved is unknown though the fact that the ionic 
detergent sodium deoxycholate was used indicates that at least some of 
the components are membrane associated. However, antigens with a posi­
tive charge at pH 8.6 could not have been detected by this method. 
In this study immunological identity and uniqueness of com­
ponents were established by the enchancement technique without fractiona­
tion of the organism. However, by means of this technique it was only 
possible to detect antigenic components which have similar electrophoretic 
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mobilities thus form overlapping peaks on enhancement studies. 
At least ten antigenic components which were similar in electro-
phoretic mobilities were identified in the two extracts. However, 
caution should be employed in comparing electrophoretic mobilities, 
since antigens which were closely related immunologically had quite 
different electrophoretic mobilities and components with similar 
electrophoretic mobilities had different antigenic specificities 
(Thirkill and Kenny, 1975). 
The area under any protein peak is directly proportional to the 
concentration of that protein and inversely proportional to the concentra­
tion of antibody to that protein (Clarke and Freeman, 1966), This suggests 
that the protein fraction represented by peak 6 in Figs. 10 and 11 is 
greater in concentration in isolate Eg since it is taller and darker in 
the Eg profile than in the N profile when tested against antiserum R260. 
The same peak corresponding to peak 11 in profiles with antiserum R259 
is darker in profile Eg but the height may be suppressed by the high 
concentration of the homologous antisera. This peak might be the frac­
tion which is responsible for the haemagglutination activity in isolate 
Eg. However, it should be realized that the components recognized depend 
not only upon their relative concentration between isolates but also 
upon the ability of the system of the hyperimmunized rabbit to recognize 
them (Thirkill and Kenny, 1974). 
Although the source and nature of these antigens described in this 
study were not identified, the description of common components in terms 
of electrophoretic mobility should prove helpful in comparing these 
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results with those of others. The reproducibility of electrophoretic 
mobilities of components were quite satisfactory. Further analysis of 
the relative quantities and identity of the common components is beyond 
the scope of this study. 
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SUMMARY 
When experimentally infected eggs received 1 mg of tylosin or 
gentamicin prior to incubation, the isolation rate of mycoplasma from 
embryos and one-day-old poults was reduced. It dropped from 57.7% 
in controls to 6% and 6.6% in poults hatched from eggs treated with 
tylosin and gentamicin respectively. In another trial 1 mg of gentami­
cin resulted in total elimination of the organism and tylosin decreased 
the isolation rate from 20% in the controls to 3.3%. 
In naturally infected eggs gentamicin inoculated at the rate of 
1 mg/egg into pre-incubated eggs resulted in reducing the rate of egg 
transmission from 26.4% in control poults to 7.9% in poults hatched 
from treated eggs. The egg transmission rate was detected by testing 
for agglutinins against M. meleagridis in sera of 3-week-old poults. 
Higher doses of gentamicin, 1.5, 1.7 and 2 mg/egg resulted in total 
elimination of egg transmission. Poults hatched from these eggs were 
serologically negative when retested at 5 weeks of age. Tylosin in­
oculated at the rate of 1 mg/egg into naturally infected eggs reduced 
the rate of serologically positive poults from 47.8% in controls to 
2.5%. This rate or reduction or elimination of egg transmission by 
tylosin and gentamicin depends on the incidence of infection in con­
trol eggs. 
The rate of hatchability of treated eggs was found to be reduced 
by gentamicin, especially at higher doses, while tylosin at the rate 
of 1 mg/egg resulted in a slight improvement of hatchability. 
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A comparative study of seven meleagridis isolates indicated 
that they were indistinguishable morphologically. Microscopic exami­
nation of Giemsa stained sediment revealed small coccoid forms singular 
or in clusters. On agar plates they form small colonies with a central 
nipple. Two isolates Eg and 8M92 induced haenagglutination while the 
others did not. Isolate 1940 which was isolated during this study 
was highly pathogenic for turkey embryos but not for chicken embryos. 
Other isolates varied in their pathogenicity and in their rate of 
growth in turkey embryos. Three isolates, RY^, N and 529, survived 
56°C for 30 minutes, while other isolates - 1940, 8M92, 1466 and Eg 
were inactivated after 5 minutes at the same temperature. All isolates 
were inhibited by 0.001 ug/ml of tylosin and 0.1 ug/ml of gentamicin 
when tested in vitro. 
Serological studies revealed no differences between isolates as 
determined with the agglutination test. Metabolic inhibition, growth 
inhibition and growth precipitation tests presented minor differences. 
According to these differences isolates were divided into three groups: 
antiserum sensitive isolates 1466, less sensitive isolates N, 8M92, RYg 
and Eg and insensitive isolate 1940. 
Polyacrylamide gel electrophoresis of cell protein revealed that 
all isolates of M. meleagridis had virtually identical patterns and that 
they were electrophoretically dissimilar to M. gallisepticum and M. 
s'/noviae. 
Two isolates, N which is nonhaemagglutinating and Eg which is a 
haemagglutinating strain, were subjected to further studies by immuno-
electrophoresis. No differences were detected by simple irtmunoelectro-
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phoresis. However, two dimensional immunoelectrophoresis and the 
enhancement technique revealed minor differences. Each isolate pre­
sented a different antigenic profile. At least 10 similar antigenic 
components which were slightly different in electrophoretic mobility 
were identified in the profiles of the two isolates. The difference 
in the size of a certain peak suggested that the protein fraction rep­
resented by that peak is higher in concentration in isolate Eg. 
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